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Diphtheria Antitoxin 
that leaves nothing to be desired 


N the preparation of our Antidiphtheric Serum the element 
of guesswork never enters. Modern scientific methods 


mark every step in the process of manufacture. 

We maintain a large stock-farm, miles from the smoke 
and dust of the city, where are kept the animals used in 
serum production. 

Our biological stables are provided with an abundance of 
light and fresh air and a perfect system of drainage. They are 
under the constant supervision of skilled veterinary surgeons. 

Before admission to the stables each horse is subjected to 
a rigid physical examination, and no animal is eligible that 
has not been pronounced sound by expert veterinarians. 

Immunization and bleeding of horses are conducted in 
accordance with modern surgical methods. 

The product is marketed in hermetically sealed glass con- 
tainers, and every lot is bacteriologically and physiologically 
tested. 


CONCENTRATED 
Antidiphtheric Serum 
(GLOBULIN) 


Bie. 16—1000 antitoxic units. Bio. 20— 5000 antitoxic units. 
Bio. 18—3000 antitoxic units. Bio. 22—10,000 antitoxic units. 


SPECIFY “P.D. & CO.” ON ORDERS TO YOUR DRUGGIST. 


Parke, Davis & Co. 
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THE OCULAR LESIONS PRODUCED BY DICHLORETHYLSULPHIDE* 
(“MUSTARD GAS”) 


By Auprep S. WartHIN, PuH.D., M.D., C. V. WELLER, M.S., M.D.. 
G. R. HERRMANN, M.S., M.D., ANN ArBor, MICH. 


INCE conjunctival irritation is so prominent a feature of the use in war- 

fare of dichlorethylsulphide (‘‘mustard gas”), the first clinical reports of 
the effects of this gas emphasized particularly its action on the eyes. These 
earlier reports speak of the early development (six to twelve hours) of a con- 
junctivitis in practically all of tie men exposed to the gas. The eye-symptoms 
may appear first, or at the same time with the cutaneous burns. The con- 
junctive are described as congested, the lids very much swollen, with moderate 
lacrimation, vision not affected in any marked degree, and recovery usually 
prompt in all the mild cases. ‘These scattered clinical observations are all 
very superficial, and no thorough studies of the ocular lesions produced by 
mustard gas are available in the general literature. The best reports are the 
following, drawn from French and Italian articles. 

Giraud (Journal de Médecine et de Chirurgie Pratiques, 1917, 1xxxviii, 
890), in describing the clinical symptoms of mustard gassing, groups the eye 
lesions as one of the three cardinal groups of symptoms produced by the gas. 
He describes these symptoms as essentially congestive. The conjunctival ves- 
sels appeared sinuous, dilated, often of a bright red color; and at times in the 
areas of the finest ramifications of these vessels, at the points of confluence there 
occur small red “lakes,” the size of a lentil. No blisters or ulcerated lesions were 
noted in the early stages. Pain, as a rule, was quite moderate or absent, although 
severe in certain cases. Lacrimation was moderate. Impairment of vision was 


*From the Pathological Laboratory, University of Michigan, Ann Arbor, Michigan. 
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exceptional. Pupil reflexes were normal. In some cases the swelling of the 
eyelids was so marked as to occlude the eve completely. About 10 per cent 
of the cases seen were characterized by most intense and diffuse congestion. 
These cases were evacuated. The lighter and moderate cases usually healed in 
two to three days. ‘Treatment consisted in the use of a solution of soda bicar- 
bonate in strength of thirty parts per thousand. 

Teuliéres (Journal de Médecine de Bordeaux, November, 1917, Ixxxviii: 
February, 1918, Ixxxix), and Teuliéres and Valois (Archives D’ Ophtalmologie, 
1916-17, xxxv, p. 403) make the first detailed clinical observations on the ocular 
lesions produced by mustard gas. The great majority of the large number of 
cases observed presented eye symptoms that were benign and of short duration. 
Only a small number showed such serious lesions as to make it necessary to send 
them to a special service for observation. In fifteen hundred cases seen there 
was but one case of panophthalmitis, and three cases of ulceration of the cornea. 
In general the symptoms, particularly the photophobia, begin to improve within 
four to five days, and healing may be complete in two to three weeks. A few 
cases were seen in which the blepharoconjunctival irritation persisted for a 
longer time. A detailed description of one of these more severe cases is given. 
The lids of the right eve, especially the upper, were much swollen and opened 
with difficulty. Conjunctive in the cul-de-sac and in the palpebral portions very 
hyperemic; on the bulbar portion it was pearly white, porcelain-like, especially 
in the upper portion, where there was a hard collar of edema. Small puncti- 
form hemorrhages were numerous, and there was a fine deep arborization of 
The cornea appeared slightly granular, and no 


the pericorneal vascular plexus. 
The iris was con- 


erosion could be demonstrated by the fluorescein method. 
gested, but no iritis was present, and no lesions were demonstrable in the in- 
Ocular tension normal, ocular movements made difficult 
Visual acuity, one-tenth. The left eve showed 
Vision, ten- 


terior of the eyeball. 
by the rigidity of the conjunctiva. 
similar changes to a less degree, and without the collar of edema. 
tenths. Symptoms were: intense photophobia, continuous lacrimation, smart- 
ing and sensation of burning, heaviness of lids, and small amount of yellowish 
Treatment consisted of warm vaporization and 


mucopus in the inner angles. 
The condi- 


the installation of a collyrium of atropine and iodoform ointment. 
tion, however, resisted treatment. 

In the later paper, Teuliéres and Valois, the ocular symptoms are described 
in fuller detail, as follows: Blepharitis, conjunctivitis, chemosis, edema of 
lids, congestion of iris, symptoms suggesting a slight iritis, cloudiness of the 
papilla, slaty tint of the retina (edema?), benign neuroretinitis, congestion of the 
retinal veins, with diminution of visual acuity. They advance several hypotheses 
in explanation of the lesions of the posterior segment; (1) that they are sec- 
ondary to the inflammation of the anterior segment; (2) that the inflammation 
is an extension through the sinuses and optic meninges, producing a retrobulbar 
neuritis that may or may not extend as far as the papilla. The lesions of the 
anterior segment always terminate in healing, and their knowledge of the neuro- 
retinitis cases was too slight to make definite prognosis possible for such cases, 
although they maintain that both the superficial and deep ocular lesions due to 


toxic gases are essentially benign. Their treatment consists of warm vapor 


w 
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baths for the eyes, lasting ten minutes, and repeated four to five times daily; 
instillations of adrenalin and cocaine for the pain, frequent instillations of 
atropine for the iris phenomena, and in the cases with neuroretinitis, blood-let- 
ting from the temple and mercurial rubs upon the forehead. 

Pissarello (Giornale di Medicine Militaire, 1918, Ixvii, 128) describes the 
ocular conditions caused by “yvprite” (mustard gas). He divides the cases into 
the light and the moderately grave forms. 

The light cases develop five to ten hours after gassing, with headache, burn- 
ing in eyes, lacrimation, marked photophobia, swollen eyelids, congested con- 
junctive, the bulbar conjunctiva hyperemic in area corresponding to palpebral 
fissure. Pericorneal infection absent or slight; pupils negative. Symptoms be- 
gin to decline in 24-36 hours. 

In the severe cases all symptoms more marked, after a shorter incuba- 
tion period. Eyelids swollen, heavy, “pin prick” pains in eyes; cul-de-sac red- 
dened, chemosis of bulbar conjunction, punctiform conjunctival hemorrhages ; 
cornea usually clean and transparent, in some cases showed desquamation of 
epithelium. In two cases in which cocaine had been used and a binocular band- 
age pressed lightly upon the eyes corneal erosions were present. Anterior strata 
of cornea turbid in some cases due to very minute, grayish white dots. Some- 
times this turbidity shows as a grayish white line running horizontally across 
lower half of cornea. Usually after three to four days there is a remission of 
the ocular condition. Ulcers, when present, heal rapidly. The pupil formerly 
contracted dilates readily under atropine. As an exceptional condition cicatri- 
cial ectropion was observed. Ophthalmoscopic examination showed in 20 per 
cent of the graver cases a slight hyperemia of the papilla, with slight tortuosity 
of the retinal veins. When cases were dismissed there was no disturbance of 
visual field or visual acuity. He concludes that the ocular lesions are relatively 
benign. The ocular syndrome reminds him of snow blindness and_ electric 
ophthalmia. He believes that the ocular lesions are due to the direct action 
of the gas and not to any toxic substance in the blood; and conducted a num- 
ber of experiments, using instillations of tears and sweat from injured soldiers 
into the conjunctive of rabbits, without results. He considers the presence of 
bulbar chemosis of importance in judging seriousness of cases. As methods of 
treatment he advises avoidance of bandages and cocaine; and advocates the 
use of eve wash of 2 per cent bicarbonate or sterile water, with hot vapor 
fomentations, and a zine oxide pomade for the lid lesions. 

Canelli (Rivista Ospedalicra, 1918, viii, 2) describes a fatal case, with 
autopsy, of poisoning by “yprite” (mustard gas). The eves presented a dif- 
fuse bilateral conjunctivitis, without exophthalmus. No microscopic examina- 
tion made, 

These are the only clinical descriptions available in the general literature ; 
and it is worthy of note that no pathologic studies have as yet been published. 
In spite of the fact that Victor Meyer, the discoverer of mustard gas noted the 
conjunctival lesions in man and in experimental animals the literature contains 

no reports of further investigations in this direction. The material presented 
ly us below must therefore be regarded as opening up a new field in ophthalmic 


pathology. 


| 
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PERIM ENTAL DICHLORETHYLSULPHIDE LESIONS OF THE Eve 


METHOD OF APPLICATION 


Application of dichlorethylsulphide to the conjunctiva was made in two 
ways. In order to secure results comparable to those obtained by direct ap- 
plication to the skin, as previously reported, an extensive series of animals was 
made use of, in which the liquid dichlorethylsulphide was applied directly to 
the center of the cornea by means of a fine pipette in uniform minute droplets 
determined to be about 0.0004 c.c. in size.* The animal’s lids were at once released 
and by its blinking the mustard gas liquid was spread in the conjunctival sac. 
By using a uniform height of column of dichlorethylsulphide in the pipette the 
effort to maintain a standard size of droplet was quite successful. However, 
we realize that slight variations in the 
other series, the animals were exposed to dichlorethylsulphide vapor in vary- 
ing concentrations and for varying times in a respiration chamber especially 
Both pure and crude forms of mustard gas were 


amount applied are unavoidable. In an- 


devised for the purpose. 
employed. 


I. SYMPTOMS AND GROSS PATHOLOGY 


Although the objective symptomatology and gross pathology of the lesions 
produced by direct application of the liquid mustard gas and by exposure to the 
vapor are essentially similar in the two cases, there are slight differences de- 
pending entirely upon method of administration which make it desirable to 


consider them separately. 


DIRECT APPLICATION 


THE Rappit.—at once, upon application of a standard droplet of dichlor- 
ethylsulphide to the center of the cornea, the rabbit blinks repeatedly but shows 
no other evidence of irritation for one or two minutes when there is usually a 
period of rapid blinking and rubbing of the eye with the fore paws. At the 
same time there is a definite increase in lacrimation, but not to the point of 
epiphora. When at rest the eye may be held partly closed. Thereafter the 
rabbit shows but slight signs of irritation throughout the earlier stages, except 
that at long intervals the eye and nose may be rubbed with the paws; the af- 
fected eye is not opened as widely as the other and lacrimation is moderately 
Fifteen minutes after application there is beginning congestion of 


increased. 
At the same time there may 


the vessels of the superior palpebral conjunctiva. 
be a slight decrease in the normal luster of the eye. The fluorescein test is posi- 
tive as early as ten minutes. (See paragraph below on fluorescein tests.) Thirty 
minutes after application there is increased lacrimation and the congestion of 
the palpebral conjunctival vessels may now be so marked that there is a pink- 
ish reflex through the upper lid. These changes gradually increase during the 
next half hour. 

At one hour the first evidences of edema appear in the form of localized 


thickenings of the conjunctiva about 1 mm. in diameter. These occur most 


“In our first paper (Journal of Laboratory and Clinical Medicine, May, 1918, vol. iii, No. &) this 
was roughly estimated to be 0.002 c.c., Sut careful weighing has since shown its volume to be as above. 
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frequently in the superior palpebral conjunctiva near the fornix and at the 
upper border of the nictitating membrane. These areas are so small and so 
translucent that they can scarcely be seen except with the aid of the loupe and 
electric illumination. From the second to the sixth hour there is a progressive 
increase in the conjunctival edema, the localized edematous thickenings extend- 
ing and coalescing until the ring of swollen edematous conjunctiva so encroaches 
upon the palpebral fissure that the sclera can not be made visible even by 
forced separation of the lids. The conjunctiva of the nictitating membrane 
shares ina marked degree in the formation of this edematous ring. ‘The bulbar 
conjunctiva also shows a well marked edema, a definite chemosis being noted 
about the fifth hour. Between the fifth and sixth hours after application the 
cornea begins to show a faint clouding or haziness, especially in that portion of 
its lower half exposed in the palpebral fissure. ‘The cornea is less lustrous than 
normal and when the surface is viewed under oblique illumination it is found 
to be somewhat roughened and irregular, indicating areas of destruction of 
the corneal epithelium. There is an increasing formation of seropurulent exu- 
date. Photophobia gradually becomes more marked, the animal resisting all 
attempts to separate the lids. Lacrimation becomes excessive to the point of 
epiphora. The pupil reacts promptly to light. 

From the sixth to the twelfth hour after application the edema of both 
palpebral and bulbar conjunctive continues to increase. There is now a very 
definite chemosis. At eight hours the clouding of the cornea has reached 
such a degree that it may be properly described as porcelain-like because of its 
bluish white opalescence. At this stage, likewise, there was noted an irregu- 
larly rounded area devoid of epithelium located in the mesial superior portion 
of the cornea. At ten hours the lids were found sealed by the accumulated 
seropurulent exudate along their margins. This adhesion of the lids, first noted 
at this stage, is a constant feature until the gradual subsidence of the acute 
inflammatory process about the third week. Very minute subconjunctival hem- 
orrhages are likewise first noted about the tenth hour. 

From the twelfth to the twenty-fourth hour the picture remains fairly 
There is a gradual increase in the edema which spreads markedly into 
the periorbital tissues. (See Figs. 1, 2, and 3.) The stiffened lids stand out 
widely from the eyeball and along the lid margins there is desquamation of the 
epithelium and other evidences of necrosis. The corneal opacity is still more 
marked and in some instances there is a purulent fluid in the anterior chamber. 


constant. 


This hypopyon was never in great amount in this stage. 

During the second day the edema remains so marked that the eye can not be 
thoroughly examined except by excision. Eves thus examined at two hour 
intervals show a continuous progression in the lesion. The edema no longer 
continues to increase and in the thirty-six-hour specimens a definite decrease 
can be noted. In spite of this decrease the lids become even more indurated, 
indicating an increased cellular infiltration, and stand out far from the eye- 
ball. The edges of the lids remain sealed unless forcibly separated and in 
the pocket thus formed thick purulent exudate accumulates. From the forty- 
four-hour stage on, this accumulation of thick purulent exudate becomes a 


The denuded area upon the cornea increases in size 


very important feature. 
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and in practically all cases assumes a somewhat circular or elliptical form, oc- 
cupying the greater part of the corneal surface but always approaching more 
nearly the inner quadrant of the limbus than the outer. The corneal opacity 
increases and frequently shows a curious distribution, similar to that which 
we have since learned has been described in human cases by Pissarello. This 
consists of a greater degree of opacity in the lower half of the cornea termi- 
nating in a more opaque band or zone running horizontally through the cornea 


i nty-four hours after direct application of standard droplet of dichlorethylsulphide to rnea 


of right eve. Marked edema of lids and surrounding subcutaneous tissue. 


Fig. 3.—Twenty-four hours after direct applica- 


Fig. Twenty-four hours after direct applica- 
tion of standard droplet to cornea. Marked edema tion of standard droplet of crude mustard gas 
of lids, flecks of purulent exudate. The marked liquid to the cornea. Extreme edema of conjunc- 
corgestion of the conjunctival vessels is best seen tiva, especially marked in upper lid and _ nictitat- 
in the bulging edematous mass of the superior ing membrane. Seropurulent exudate. 
palpebral conjunctiva. 


just below its transverse diameter. This was best seen in a thirty-hour stage. 
The marginal lid changes become much more marked during this period. 

The decrease in the edema continues through the third day but is noted 
especially in the palpebral conjunctiva, while the bulbar conjunctiva, in con- 


trast, exhibits a chemosis which appears even more marked than _ hitherto. 


| 
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The necrosis of the palpebral conjunctiva at the lid margins, and even of a 
zone on the dermal side of the lids becomes more evident, for now there appear 
numerous shallow ulcerations resulting from separation of the necrotic ma- 
terial. 

On the fourth day the diminishing edema is followed by an increased con- 
gestion. More numerous and larger subconjunctival hemorrhages are fre- 
quently noted. These do not, however, occur either in such size or numbers 
as to permit the lesion to be characterized as hemorrhagic. The lids become 
increasingly sensitive to pressure so that the animals give evidence of pain 
when an attempt is made to separate them more widely. In the earlier stages 
the photophobia seemed to be the feature that gave the animal distress. The 
upper lid, near the inner canthus, begins to show a “kinking” or “ruifling” 


Fig. 4.--One week after direct application of standard droplet to the cornea. Lids still somewhat 
edemateus. They were sealed by a marked purulent exudate which adheres along the lid margins and to 
he adjacent hair. A marked purulent rhinitts referable to involvement of the mucosa through the nasola 
rimal duct, is evident. 


of the margin. This is a constant feature in the later stages. The marked sero- 
purulent exudate persists. 

There are no marked changes in the lesions during the fifth day. The 
seropurulent exudate is unchanged. The ‘ruffling’ of the upper lid is more 
marked and the lids are still indurated and stand far out from the eyeball. 

In rabbits that have been repeatedly examined, thereby separating the 
lids and removing the accumulations of purulent and necrotic material, the 
exudate is less in amount and more serous on the sixth day. In animals 
allowed to remain with the evelids sealed for days at a time, the seropurulent 
exudate persists much longer and is, of course, much more destructive. At 
this time the necrotic lid hairs and the hairs of the face near the inner can- 
thus begin to drop out resulting in some instances in an extensive depilation. 

On the seventh day there are no marked changes from those previously 


| 
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described. The depilation about the inner canthus and over the lids is more 
complete and there is a beginning entropion of the upper lid which has the 
effect of drawing the stiff outstanding lid somewhat toward the eyeball. (See 
Fig. 4, a photograph of a rabbit showing the retardation in the course of the 
lesion when the lids remain sealed and the purulent exudate accumulates in 


the conjunctival sac.) 


Fig. 5..-Two weeks after direct application of Fig. 6.—Two weeks after direct application of 
standard droplet to the cornea. Marked reduction standard droplet to the cornea. Marked depila 
the edema. Much less purulent exudate. In tion about the eye. Characteristic “ruffling” and 
durated lids exhibit the characteristic “ruffling” entropion of upper lid and marked ectropion of 
and partial entropion of the upper lid in the the lower. The corneal cloudiness and lack of 


the smooth ectropion of the luster are very apparent, likewise the apparent 


later stages, and 
lower lid. The lower half of the cornea shows a staphyloma in the lower half of the anterior quad- 
irked clouding rant. 


| 
| 
| 
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Fig. 7..-Two weeks after direct application of standard droplet to cornea. Specimen obtained by 


xeision of lids and orbital evisceration. Marked depilation, especially at the inner canthus. Characteristic 
“rutting” and entropion of upper lid. Corneal cloudiness. 

During the second week, the lids of eves which have been frequently ex- 
amined no longer become sealed between examinations, and the exudate de- 
creases to a small amount of serous fluid carrying a few flakes of pus and 
necrotic tissue. The upper lid border comes to show a marked degree of 
“ruffling” or folding at the lid margin. This is accompanied by an irregularly 


| 
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—— 
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distributed entropion. ‘The lid margin itself becomes smooth, rounded and 
is devoid of lashes. The lower lid shows toward the end of the second week 
a marked ectropion with the same smooth rounded margin found on the upper 
lid. The periorbital depilation may be very extensive. The corneal opacity 
is unchanged. The normal corneal curvature may be distorted by small ir- 
regular staphyloma-like projections occurring most constantly inferiorly to- 
ward the inner canthus. However, these on section are found to be thicken- 
ings of the damaged cornea and not areas of bulging. Hypopyon may be 
present. (See Figs. 5, 6, 7.) 

During the third and subsequent weeks the changes in the lesions are 
slowly progressive, demonstrating the sluggish character of the reparative proc- 
ess following injury with mustard gas. The “ruffling” of the upper lid border 
persists and gradually becomes more exaggerated up to the eighth week which 
terminates our period of observation. The ectropion of the lower lid also in- 


creases in degree, reaching in some cases an almost complete eversion. The 


Fig. &8.—Three weeks after direct application of Fig. 9.—Three weeks after direct application of 
standard droplet to center of cornea. Same rab standard droplet of dichlorethylsulphide to cornea. 
bit as Fig. 7. Marked ectropion of lower lid. Specimen obtained by excision of lids and eviscera- 
Porcelain-like cloudiness. of the cornea = most tion of orbit. Anterior segment of globe in profile 
marked in lower half. to show apparent staphyloma of cornea toward the 

inner canthus. The cornea cloudiness is well 
shown. 


margins of the lids are rounded, thickened, smooth and glossy, having the ap- 
pearance of scar tissue. From the fourth week on there is a progressive vas- 
cularization of the injured cornea. s the newly formed vessels traverse the 
linbus the usual sharp differentiation between sclera and cornea becomes ef- 
faced. By the sixth week this process of organization becomes far advanced 
and the new formed vessels may be traced to the central region of the cornea 
as is clearly shown by Fig. 10. The organization is grossly most evident in 
that portion of the cornea which showed the primary porcelain-like cloudiness. 
\Vhen this involved the entire cornea, as in the case figured, there results a 


complete opacity of the cornea, so that the iris and pupil can no longer be seen 
and blindness must be nearly, if not quite, complete. (See Figs. 8, 9, 10, 11, 12.) 

Tue Doc.—-Following the direct application of a standard droplet of liquid 
dichlorethylsulphide to the cornea of the dog, the changes run closely parallel 
to those described above for the rabbit and it seems unnecessary to describe 


| 
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| 

| 
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them in detail. The earliest changes are identical. At the period, however, 
at which the rabbit’s eve becomes sealed by the adhesion of the lid margins, 
the powerful orbicularis muscle of the dog prevents this occurrence. As a 
result there is never the empyema of the conjunctival sac that is found in the 


rabbit and the exudate seems to be less in amount. The congestion in the 


| 

Fig. 10.—Six weeks after direct application of standard droplet to cornea. 
entropion of upper lid with resulting “‘ruffing’’ of lid margin. Ectropion of lower lid. 
the necrotic cornea with extensive arborizations of newly formed blood vessels, best seen in the upper 


half of the cornea. Even in the photograph these can be traced from the sclera across the superior are 
#f the limbus to the central portion of the cornea. The same eye is shown in the next two figures, taken 


Combined ectropion and 
Organization of 


one week later and after excision. 


Fig. 11.—Seven weeks after direct application Fig. 12 Seven weeks after direct application 
of standard droplet to cornea. Excised speci of standard droplet to cornea. Same eye as in 
men. Complete opacity of cornea with vasculariza- preceding figure. Here shown in profile to show 
tion. “Ruffling’” of upper lid with areas of en- marked irregularity of corneal surface. Note 


especially the prominent apparent staphyloma_ in 


tropion and very marked smooth ectropion of 
f the sclera toward the inner canthus. 


lower lid. Apparent irregular staphylomata of 
cornea are areas of thickening due to infiltration 
and organization. 


sarlier stages is more marked, or at least more evident, than in the rabbit. 
The edema and the corneal necrosis are similar with the exception that the 


localization of the corneal opacity in the lower segment was never noted. 
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EXPOSURE TO MUSTARD GAS VAPOR 


Tie Rapeit.—The symptoms and gross pathology produced by exposure 
to mustard gas vapor vary with the concentration of the vapor and the length 
of exposure. In any case, they differ in degree, but not in kind, from those 
produced by the direct application of the liquid dichlorethylsulphide to the 
cornea and its immediate spread throughout the conjunctival sac by blinking. 
An exposure for fifteen minutes to a concentration of approximately 1 :20,C00 
was found to give results of about the same degree of severity as those pro- 
duced by the standard droplet of liquid directly applied. The following notes 
are abstracted from a protocol of a rabbit subjected to mustard gas vapor for 
that time and at that strength. 

About five minutes after being placed in the gassing chamber the animal 
commenced to show signs of irritation, increased blinking, rubbing of the eyes 
and nose, and a change of position to bring the head as far as possible from 
the affluent opening by which the impregnated air was being introduced. Im- 
mediately after removal from the chamber the animal was quiet but after a 
short interval continued to show increasing signs of irritation of the conjunc- 
tival and respiratory mucosa. These continued for the next few hours. At 
five hours after gassing a well-marked conjunctivitis was present. ‘There was 
increased lacrimation, redness of the lid borders, beginning edema and a 
marked photophobia. .\fter sixteen hours the signs and symptoms were all 
much more marked. The exudate had become somewhat mucopurulent; con- 
gestion of the lid borders and conjunctiva was increased and likewise the 
The animal kept both eyes closed because of the photophobia, which 
The edema reached its height about twenty-four 


edema. 
seemed much more marked. 
hours after exposure, and a well marked chemosis was then evident. All skin 
surfaces where the hair was thin showed a definite erythema. This was es- 
pecially marked on the lids and convexity of the ears. A bilateral rhinitis with 
abundant serous exudate also appeared at this time. The inflammatory changes 
of the upper respiratory tract were much worse at thirty-six hours, the wheez- 
ing respiration being distinctly audible at a distance. ‘The eyes were sealed, and 
upon separation of the lids a large amount of thick purulent exudate appeared. 
The conjunctive were edematous and congested, and there were a few minute 
subconjunctival hemorrhages. 

The lesions progressed slowly as described for those produced by direct 
At seventy-two hours the clouding of the lower half of the cornea 


application. 
The lids, having lost their edema to a con- 


had appeared to a marked extent. 
siderable degree, remained stiff and stood out far from the eyeball, showing 
the first signs of the “ruffling” previously described. At ninety-six hours the 
lid borders began to show loss of the necrotic epithelium with the formation of 
shallow ulcers. The corneal surface became roughened through loss of the 
epithelium, but no deeper ulceration could be demonstrated. 

The lesions produced by this method have not been observed up to the 
stage of complete healing, as was done with those produced by direct appli- 
cation; but there are no apparent differences in the nature of the sluggish 


reparative processes in the two cases. 
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SUBCUTANEOUS INJECTION AND INGESTION OF DICHLORETHYLSULPHIDE IN 


RELATION TO OCULAR LESIONS 


We have attempted to verify the statement of Victor Mever that sub- 
cutaneous injection of dichlorethylsulphide determines the occurrence of a 
conjunctivitis, indicating not only a metastasis of the toxic substance through 
the blood stream, but also a selective affinity or special susceptibility of the 
For this purpose we have used a series of four albino rabbits, 
two hares and two dogs. The albino rabbits offered the greatest prospect of 
success, since in them the slightest conjunctival congestion can be readily 
In the cases of the rabbits and hares one minim of dichlorethylsulphide 
In no instance was any trace of con- 
The site of injection developed 
In every 


conjunctiva. 


seen. 
Was given as a subcutaneous injection. 
junctivitis or any other ocular change produced. 
a wafer-like induration which dried down to a deep-seated eschar. 
case there developed a foul diarrhea to which most of the animals succumbed 
on about the sixth day. One large dog received four minims subcutaneously. 
There was no conjunctivitis, but a severe diarrhea developed, and death oc- 
curred on the fourth day. Another dog was fed 4 minims in meat. Severe 
burns of the mouth and upper alimentary tract were produced but there was 
These lesions in the gastrointestinal tract will be considered 


no conjunctivitis. 
Attempts to produce conjunctivitis or 


more fully in a subsequent report. 
other eve lesions by intravenous injection have also failed; although this fact 
has little weight since death occurs too soon to permit the development of 


marked changes. 


RELATIONS OF PANOPHTHALMITIS TO DICHLORETHYLSULPHIDE LESIONS 


In the ocular lesions produced by the standard droplet and by exposure to 
a vapor concentration of 1:20,000 for fifteen minutes, with ordinary care given 
to the eyes so treated, by separation of the lids to allow the purulent exudate 
of panophthalmitis was observed; and by the end of 


to drain out, no evidence 
But in animals exposed as 


the fourth week healing was usually complete. 
above, with eves untreated, lids allowed to remain sealed and exudate to ac- 
cumulate, within three weeks there may develop a purulent panophthalmitis 
which by the sixth week usually destroys the entire eyeball with complete sup- 
When a larger dosage is given, and the eves 


puration of all orbital tissues. 
(See Fig. 43.) 


untreated, a panophthalmitis 
Protocol.—One series of 
of liquid dichlorethylsulphide 


may develop more rapidly. 
four rabbits was treated with a heavy application 
to the center of the cornea. The amount applied 


standard application. In three rabbits the eves 


was about twice that of the 
were left untouched for five weeks, in the fourth for six weeks. After the 
first sealing of the lids there was no separation of the same to allow the puru- 
lent exudate to escape. As a result an empyema of the conjunctival sac 
developed with subsequent destruction of the eye from a suppurative pan- 
ophthalmitis. These eyes all showed the same gross picture; perforation of 
the cornea, necrosis and abscess formation, loss of the contents of the globe, 


and suppuration of all orbital contents. 
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In our cases the occurrence of panophthalmitis is due entirely to second- 
ary infection, which occurs ultimately after several weeks in the untreated 
cases after slight gassing; but much more rapidly after heavier dosage. The 
pathologic changes produced by dichlorethylsulphide are covered up by those 


due to secondary infection. 


FLUORESCEIN TEST 


The standard method of applying an alkaline aqueous solution of fluorescein 
for the determination of corneal ulceration was carricd out on a series of 
eyes at different time intervals following exposures to dichlorethylsulphide. 
A 2 per cent alkaline watery solution was used. ‘len minutes after the direct 
application of the standard droplet to the center of the cornea, several minute 
pinpoint areas at the vertex of the cornea retained the fluorescent green color- 
ation. ‘These minute areas increased in number so that, within fifteen minutes 
after the exposure, the vertex of the cornea appears peppered with these spots 
ina small circular area. These pinpoint areas increased in size, and became con- 
fluent in about thirty minutes after exposure. By one hour they were fairly 
uniformly confluent. From this time on the fluorescein staining showed a 
gradually increasing depth of penetration and a spreading of the circumference 
of the staining area over the cornea, especially toward the inner canthus. The 
depth of the intravital staining reaction is greatest at the vertex of the cornea 
and decreases laterally. At the end of forty-eight hours a narrow crescentic 
area toward the outer canthus remains unstained showing that the necrosis 
in this area occurs more slowly than elsewhere. After exposure to the vapor 
of dichlorethylsulphide the fluorescein staining reactions are the same as after 
direct application. ‘This intravital fluorescein staining is parallel in intensity 
to the necrosis of the corneal epithelium as shown by the microscopic study 
of the same stages. The earliest intravital staining occurs at the same time 
that the pyknosis of the corneal epithelium becomes evident, before any ulcera- 
tion or abrasion takes place. The use of this test is therefore of the greatest im- 
portance clinically in determining the severity and progress of the lesions and 


the effects of therapy. 


SUMMARY OF GROSS PATHOLOGIC CHANGES 


1. The standard drop of 0.0004 ¢.c. when applied directly to the cornea 
of animals was found to produce results practically identical with those pro- 
duced by an exposure of 15 minutes to a vapor concentration of 1:20,000. The 
criticism, therefore, that the use of the standard drop produces changes not 
comparable to those observed in exposure to dichlorethylsulphide vapor does 
not hold. Further, the use of the standard drop is a much more convenient 
and accurate way, as well as a safer method, of handling this material for 
experimental purposes. Further the use of the direct application method 
avoids the complication of respiratory or general cutaneous involvement fol- 
lowing the exposure of the animal in a gas chamber. 

2. Dichlorethylsulphide produces after one or two minutes exposure to 
drop or highly concentrated vapor a definite irritation of the conjunctiva with 
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increase of lacrimation. Usually within thirty minutes there is a well-marked 
hyperemia, followed in an hour by the development of edema, which progresses 
rapidly up to the twelfth hour when there is usually a well-marked chemosis. 
Minute subconjunctival hemorrhages may develop as early as the tenth hour. 

3. In animals the edema develops first and most markedly in the palpebral 
conjunctiva, following the direct application, while in the exposure to mus 
tard gas vapor it frequently develops first in the bulbar conjunctiva, this 
being practically the only difference observed in the effects of the two methods. 
By the end of the third day the edema begins to subside slightly, but persists 
to some degree for several weeks. In man the edema is less marked, more 
irregular, while the hyperemia is more marked, and minute vesicles may be 
found on the conjunctival surface. 

4. The necrosis of the cornea is shown by a definite cloudiness develop- 
ing in five to six hours which usually at eight hours has reached such a degree 
that the cornea takes on a porcelain-like appearance in’ the form of a very 
characteristic bluish white opalescence. In the mildest cases the lesion does not 
progress bevond a slight cloudiness. Intravital staining with an alkaline aque- 
ous solution of fluorescein shows very early the development of the corneal 
necrosis, even before ulceration has occurred. A striking phenomenon is the 
frequent occurrence of a more opaque band or line running horizontally across 
the cornea just below its transverse diameter. 

5. A seropurulent exudate is well developed by the fifth to the sixth hour 
and increases until the evelids are usually sealed by the accumulated exudate 
by the tenth hour. This adhesion of the lids remains a constant feature until 
the gradual subsidence of the inflammatory process about the third week. 
The ed 


are frequently examined with consequent separation of the lids and removal ot 


es of the lids remain sealed unless forcibly separated. If the eves 


he accumulated exudate, the stage of purulent exudation is preceptibly shortened. 


6. With the subsidence of the edema a characteristic kinking or “ruf- 


fling” of the upper lid, a combined entropion and ectropion, appears, usually 
by the fifth or sixth day \t the same time the lower lid begins to exhibit 


a smooth ectrop1on., 

7. Depilation of the lid hairs and of the face hairs, eventually about the 
entire orbit, takes place. 

8. During the second week changes in the corneal curvature are constantly 
noted, some of these so marked as to appear staphyloma-like. 

9. Hypopvon sometimes occurs. Clouding of the contents of the ante- 
rior chamber occurs quite regularly in the later stages. 

10. From the third week on the lesions slowly progress in a manner char- 
acteristic of the mustard gas lesion of the skin towards resolution and repair. 
[he “ruffling” of the upper lid increases up to the eighth week while the 
ectropion of the lower lid frequently reaches the point of complete eversion. 
Progressive vascularization of the cornea takes place, the vessels usually reach- 
ing the center of the vertex by the end of the sixth week. Corneal cicatri- 
ation, marked impairment of vision, and thickening of the evelids and nmicti 


tating membrane are the ultimate sequela. Even in the lighter cases in man, 
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the edema and hyperemia of the conjunctive tend to run a chronic course with 
resulting visual disturbances and reduction of vision. An increased suscep- 
tibilitv to the vapor may develop. 

11. Secondary infection. In animals exposed to the standard drop or 
Vapor concentrations of 1:20,000, followed by treatment of the eyes, purulent 
panophthalmitis has not been observed to develop. In the case, however, of 
untreated eves, and following heavier dosage, suppurative panophthalmitis does 


develop with complete destruction of the eyeball. 


MICROSCOPIC PATHOLOGY 


Technic. very care was taken to prevent the formation of artefacts, 
either postmortem or technical. The eve was removed at once from the freshly 
killed animal by a wide incision encircling the lids and eviscerating the orbit. 
It was at once placed in the fixing fluids, a neutral formol being used for the 
greater part. The specimen was left in the fixing fluid about forty-eight 
hours before being sectioned, at which time uniform blocks of tissue were se- 
lected. These were so oriented as to give vertical sections through the entire 
eveball, a section through the inner canthus and one through the lacrimal gland 
from each eve. The lens was removed from the eyeball after thorough harden- 
ing, in order to facilitate the cutting of thin sections. ‘These tissues were 
embedded in paraffin, the sections were transferred to the celloidin sheet and 
stained with hemalum and eosin and by other ordinary staining methods. 

Rapspit.—One Quarter Hour.—The changes observed are of slight de- 
gree, consisting of contraction and pyknosis of the corneal epithelium which 
is more marked at the vertex and less marked over the limbus. Likewise the 
cells of the substantia propria show a slightly greater degree of pyknosis and 
contraction than in control preparations. The bulbar and palpebral conjunc- 
tive show a similar pyknosis and contraction. In the fornix there is a more 
decided vacuolation of the conjunctival epithelium. The epithelium of the 
cutaneous surface of the evelid shows also slight pyknosis and contraction. In 
the region of the inferior fornix alone does the subconjunctival connective tis- 
sue show a well-marked edema. In the upper fornix the edema is less marked. 
The lacrimal gland shows a marked distention of its gland spaces which are 
filled with secretion. Harder’s gland and the tarsal glands show no changes, 
likewise the sinus hairs. The blood vessels of all parts are anemic rather 
than congested. There is no hemorrhage and no thrombosis. 

One Half Hour.—Changes identical with those above, except a little more 
marked in degree. Pyknosis and vacuolation are a little more pronounced. 
The edema is much greater, particularly around the lacrimal gland. The dis- 
tention of the lacrimal gland is greater, and its cells show a marked vacuola- 
tion. Greater congestion in all parts. 

One Hour—The only changes are an increase in the edema and con- 
gestion. 

One and One Half Hours._-The pyknosis of the corneal epithelium is as 
above, but the substantia propria shows a distinctly more marked pyknosis of 
the corneal cells extending entirely through the cornea at the vertex. <A large 
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portion of the endothelium of the anterior chamber shows marked pyknosis and 
contraction. The conjunctival epithelium, both bulbar and palpebral, shows 
an increased degree of pyknosis while the subconjunctival connective tissue 
shows now a marked edema, extending entirely through the eyelids. It is 
especially noteworthy that many of the blood vessels appear partly collapsed, 
with a relative anemia, while others are moderately congested. The lacrimal 
gland shows the same active secretion, many of the acini being greatly dilated, 
and filled with secretion. The vessels of the gland are congested and there is an 
increased number of wandering cells throughout the gland. The stroma of 
the gland and the surrounding stroma show extreme edema. The tarsal glands 
show groups of pyknotic alveoli. The epithelium of the membrana _ nictitans 
shows less change than that of the bulbar and palpebral conjunctive. 

Two Hours.—(See Fig. 13.)  Pyknosis of the corneal epithelium is com- 
plete. It is impossible to recognize the individual cells. The substantia propria 
stains more diffusely blue and the endothelium of the anterior chamber shows 
a greater degree of pyknosis and vacuolation. Similar changes occur in the 


- - - > a 


Fig. 13.—Cornea two hours after application of standard droplet. First stage of necrosis of corneal 
epithelium and of the cells of the interstitial substance. Marked pyknosis of the corneal epithelium, the 
cells of the lowest laver alone being barely distinguishable. The nuclei of the interstitial substance and of 
the endothelial lining of the anterior chamber are also pyknotic. Section taken at corneal vertex. 


palpebral and bulbar conjunctive and in the epidermis of the eyelids. The 
edema of the eyelids is now extreme, being most marked on the conjunctival 
surface. (See Fig. 27.) There is an increase of wandering cells throughout 
both upper and lower eyelids, but no well-marked cellular infiltrations. Many 
of the blood vessels show a well-marked congestion. The membrana nictitans 
shows a marked pyknosis of its epithelium and a marked edema of its stroma, 
its thickness being increased about ten fold. The lacrimal gland shows a 
marked distention of all its gland spaces and a marked vacuolation of its epi- 
thelium which appears distinctly more columnar in shape. The cells of Harder’s 
gland stain very deeply and are contracted and pyknotic, and have lost their 
granular appearance to a marked degree. The Meibomian glands show a simi- 
lar marked pyknosis involving all of the alveoli. The adipose tissue around 
the eve and about the tarsal glands shows a marked edema and gives a marked 
mucin staining reaction. 

Three Hours.—The cornea is as before. The epithelium of the conjunctiva, 


both bulbar and palpebral, shows a greater degree of necrosis. The edema is 
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much more marked beneath both the bulbar and palpebral conjunctiva, amount- 
ing almost to a liquefaction of the tissue. There is now a well-marked poly- 
nuclear infiltration beneath the conjunctival epithelium and extending through- 
out the entire lid. The epidermal surface of the eyelids shows now a well- 
marked pyknosis and karyorrhexis of the nuclei of the dermis, particularly of 
of the papillary layer, with a well-marked polynuclear infiltration, the changes 
being identical with those described in the article on the skin lesions, with the 
exception that the cellular infiltration is somewhat more prominent than was 
found in the skin. The vessels show a more marked congestion than in any 
of the previous stages. The lacrimal gland shows the same distention of the 
alveoli but the cells are less columnar and the nuclei show some pyknosis and 
karyorrhexis. The gland of Harder and the tarsal glands show the same pyknosis 
as in the preceding stage. ‘The changes in the epidermal surface of the eyelid 
have advanced in necrosis and cellular infiltration. 

Four Hours.—Changes in the cornea appear as in the preceding. Bulbar 


Fig. 14.—Section of cornea at vertex five hours after direct application of standard droplet. Desqua- 
mation of necrotic epithelium in center of vertex. Pyknosis of remaining epithelium and of cells of the 
interstitial substances. Complete necrosis of endothelial cells of anterior chamber. 
and palpebral conjunctive, membrana nictitans and epidermal surface of eye- 
lids show increasing edema and cellular infiltration. The lacrimal gland shows 
extreme distention and the cells of many acini are flattened and vacuolated as 
in a state of exhaustion atrophy. Harder’s gland shows a well-marked vacuola- 
tion of its epithelium, many of the cells showing large clear droplets, edema. 
Likewise the tarsal glands show edema. In the palpebral and bulbar conjunc- 
tive the cellular infiltration is increased, and the lymph follicles in the palpebral 
conjunctiva show great numbers of wandering cells. Vessels are greatly con- 
gested. 

Five Hours.—(See Fig. 14.) The corneal epithelium is in part desquamated 
over the region of the vertex, and about this the epithelium shows marked dis- 
sociation and vacuolation. ‘The substantia propria now stains lighter in color, 
many of its nuclei being only shadows. At the sclerocorneal junction there is 
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now a well-marked infiltration of polynuclears, most marked just beneath the 
pyknotic epithelium. ‘The upper and lower lids show extreme edema (see Fig. 
28) and marked small-celled infiltration extending through the entire thickness 
and there is a marked infiltration of polynuclears throughout, which is more 
marked beneath the palpebral conjunctiva near the palpebral border. In this 
region the conjunctival epithelium is desquamating and there is developing an 
uleerating surface. The adherent dead epithelium is infiltrated with polynu- 
clears. ‘The blood vessels show congestion. There is no thrombosis. On the 
epidermal border of the lids there is beginning desquamation of the dead epider 
mis. The sebaceous glands near the margin of the lid show sebum retention. 
Likewise on the lower lid near the palpebral margin, there is noted the first 
development of ulcer or slough, and the membrana nictitans shows loss of its 
epithelium in areas. Lacrimal, Harder’s and tarsal glands, as in the preceding. 

Six Hours.—Changes identical with above. 

Eight Hours.—The only change noted from the above is an increase in the 
uleer on the conjunctival surface near the palpebral margin in both upper and 
lower lids, more marked in the upper. (See Fig. 29.) 

Ten Hours—Cornea shows gradual loss of chromatin. Stains more palely. 
(on the eyelids the necrosis of the epidermis and eschar formation has pro- 
gressed while almost the entire conjunctival epithelium is completely disinte- 
grated, forming a granular laver infiltrated with polynuclears. The exudate 
is most marked near the palpebral border where there is a distinct ulcer covered 
with exudate. Intense edema and congestion as in the preceding. Smal! pin- 
point hemorrhages occur in the subconjunctival connective tissue. Both the 
lacrimal and Harder’s glands show more marked vacuolation. Increased poly- 
nuclear infiltration throughout, extending even into the orbital tissues. 

Teele Hours—At the corneal vertex the cornea is dead throughout hav- 
ing completely lost its nuclei. The corneal epithelium is desquamated over the 
ertex, and only here and there are there faint outlines of the nuclei of the 


sul) tantia propria. The pyknotic and vacuolated endothelium of the anterior 


chamber is still intact. The escharization of the epidermal surface of the lids 
is complete, and desquamation of both bulbar and palpebral conjunctival epi 
lium is nearly complete. Congestion is very marked and there are numerous 
minute hemorrhages by diapedesis both beneath the epidermal surface and in the 
subconjunctival connective tissue. The edema is even more marked than in 
the preecding stages, involving the whole evelid, and the Ivmphatics are enor- 
mously distended. The lacrimal gland is as before, but Harder’s and the tarsal 
lands show marked edema and liquefaction necrosis. There are masses of 
exudate, rich tn polynuclears, adherent to the conjunctiva at the lid margins, 
the result of drving and concentration of the secretion, but near this, minute 
collections of polynuclears beneath the conjunctiva suggest beginning infection. 
The fluid of the edema now assumes the same hvaline, finely granular, deeply 
pink staining appearance as found in the subcutaneous tissues. (See Article on 
Skin Lesions.*) 


Fourteen Hours—Changes as above, but slightly advanced. Intense con- 
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gestion. Polynuclear infiltration of the muscle. Numerous hemorrhages about 
the greatly distended vessels. Secondary thrombosis beginning. More marked 
polynuclear infiltration into the subconjunctival connective tissue. Heavy gran- 
ular precipitate in the distended alveoli of the lacrimal gland. These contain, 
likewise, great numbers of albuminous spherules, staining deep violet or pink, 
derived from the disintegration of the cells. 

Fifteen Hours.—Changes as above with more marked polynuclear infiltra- 
tion at the selerocorneal junction, in the ocular muscles and in the orbital tis- 
sues. Beginning infection of the conjunctival ulcers near the palpebral border. 
Diffuse inflammation of the entire peribulbar tissues. It is a notable fact that 
the sebaceous glands on the epidermal surface of the lids show penetration with 
the dichlorethylsulphide, and necrosis while the large ones at the palpebral mar- 


Ol 


seem to escape. 

Sixteen flours. Complete loss of the necrotic epithelium over the corneal 
vertex. Increasing polynuclear infiltration at the sclerocorneal junction. Edema 
of the ciliary body and ciliary ring. Increasing polynuclear infiltration and 
greater collection of pus at the palpebral borders. 

Eighteen Hours—Nearly complete necrosis of the cornea except toward 
the periphery of the limbus. On the lids escharization is extending, the necrosis 
reaching into the subconjunctival tissue and into the subepidermal tissues on 
the cutaneous side. It is notable, however, that the subcutaneous necrosis is 
deeper than the subconjunctival. On the skin surface the necrosis extends 
nearly through the depth of the lower border of the sebaceous glands. The 
epithelium of the entire margin of the lids is now completely necrosed and des- 
quamated. Over the entire surface of the conjunctiva including the membrana 
nictitans the epithelium is now necrotic and desquamating, but the necrosis ex- 
tends but very little into the subepithelial connective tissues. For the first 
time changes are observed in the erectile sinus hairs of the upper lid, the epi- 
thelium of the hair follicle showing some pyknosis and contraction. 

Twenty Hours.—Complete necrosis of the cornea, in the central portion 
extending to the endothelial lining of the anterior chamber which is partly ne- 
crotic and desquamating. Conjunctival, lid and gland changes as above. The 
large sebaceous glands at the lid margin show a more marked polynuclear in- 
filtration than in any of the preceding. Congestion, edema and minute hem- 
orrhages as in preceding stages. 

Twenty-two Hours.—Complete death of cornea in central portion, with 
loss of epithelium and endothelium of anterior chamber. Only scattered nuclei 
through the dead substantia propria. Eyelids show the same extreme edema, 
congestion and numerous hemorrhages by diapedesis around the congested ves- 
sels as in the preceding, but with an increasing small-celled infiltration. Fibro- 
blastic proliferation first observed in the subconjunctival connective tissue. 

Twenty-four Hours.—-Cornea completely necrotic except near the sclero- 
corneal junction. Its lamine are separated and there is a collection of fluid 
between the separated laminz. Edema at its height; other changes as above. 
Twenty-six Hours.—Necrosis of the cornea complete with marked separa- 


tion of the lamin into irregular spaces. Edema as in preceding, but poly- 
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nuclear infiltration much more marked extending throughout the entire thick- 
ness of the lids. Marked distention of the acini and atrophy of the cells of the 
lacrimal gland. Numerous capillary hemorrhages by diapedesis throughout the 
subconjunctival tissues and the dermis of the lids. (See Fig. 31.) 

Twenty-eight Hours—As in the preceding, no difference. 

Thirty Hours.—(See Fig. 15.) Identical with the preceding stages. 

Thirty-two Hours——Most marked changes in the cornea, particularly at 
the vertex. Surface roughened, nobby, laminz separated. Changes in lids and 
glands as in preceding. 

Thirty-four Hours—The central portion of the cornea shows complete 
necrosis but at the periphery there is a marked cellular infiltration and prolifera- 
tion of corneal cells. At the sclerocorneal junction there is an evident fibro- 
blastic proliferation. The edema of the upper palpebral conjunctiva is less 
marked; cellular infiltration about as before, but more cells of a fibroblastic 
type. The edema of the lower lid is the most marked yet seen, a large portion 


Fig. 15.—Cornea thirty hours after exposure to vapor of dichlorethylsulphide. Complete necrosis of cornea. 


of the subconjunctival connective tissue showing complete liquefaction necro- 
sis with marked polynuclear infiltration. (See Figs. 32, 33.) The cutaneous 
border of the lower lid shows a marked depilation, almost every hair having 
been shed. The upper lid shows a less marked depilation. The lacrimal gland 
shows in various areas a very marked hypertrophy of the cells. These are more 
columnar with a very deeply staining protoplasm. Other portions show the 
light vacuolated cells as described above. 

Thirty-six Hours—Changes as in the preceding, except for the membrana 
nictitans which shows marked congestion of its vessels and multiple capillary 
hemorrhages. The ocular muscles show marked edema. 

Thirty-eight Hours——The most marked necrosis of the cornea, the com- 
plete necrosis extending almost to the sclerocorneal junction. Complete necro- 
sis of the endothelial lining of the anterior chamber with increased number of 
leucocytes in the fluid of the anterior chamber. On the lids there is beginning 
regeneration of the epidermis and hair follicles, but no evidences of regenera- 
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tion of the conjunctiva. Almost complete depilation. Edema persistent in the 
subconjunctival tissues, and at the palpebral margins there is a marked collec- 
tion of pus. 

Forty Hours.-Necrosis of cornea less marked than in preceding individ- 
ual; endothelial lining preserved. Appearances indicate a somewhat earlier 
stage, probably due to less intense action. 

Forty-two Hours.—(See Vig. 16.) Marked necrosis of the central portion 
of the cornea. The membrane of Descemet and the endothelium of the anterior 
chamber appearing as a hyaline red line bordering the anterior chamber. Pro- 
liferation of corneal cells at border of cornea; fibroblastic proliferation at 
sclerocorneal junction. Beginning separation of eschar on epidermal side of 
lids and also on the conjunctiva. Cutaneous lesion much deeper and more se- 
vere than the conjunctival, although the oedema is much more marked on the 
conjunctival side, as is also the leucocytic infiltration. 

Forty-four Hours.—Changes the same as at forty-two hours but of less 


Fig. 16.—Cornea forty-two hours after application of standard droplet. Membrane of Descemet appears 
as a bright hyaline line staining red with eosin. 

intensity. Probably due to dilution of dose on the cornea. ‘The skin surface 

of the lids shows marked escharization. 

Forty-six Hours.——No essential differences. 

Forty-eight Hours.—Corneal changes same as in the preceding. More 
marked escharization of the lids and conjunctival surfaces. Beginning separa- 
tion of the eschar on epidermal portion of lids. Almost complete depilation. 

Fifty Hours.—Very marked separation of corneal lamelle and formation 
of irregular spaces. Partial separation of the slough on the cutaneous sur- 
face of the eyelids. Well-marked regeneration of the hair follicles. Old hairs 
nearly entirely shed. The membrana nictitans is markedly hemorrhagic. The 
large sinus hairs show marked necrosis of the epithelium of the hair follicle. 
Very marked fibroblastic proliferation in upper lid. 

Fifty-four Hours.—Changes as in preceding, except for more marked 
escharization of the epidermal surface of lids, and more marked fibroblastic 
proliferation of the subcutaneous tissue. Marked congestion and numerous 


hemorrhages, particularly on the epidermal side of the lids. 
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Sixty Hours—Shrinking and drying of the cornea at its vertex. Fibro- 
blastic proliferation on the dermal side of the lids very marked. Epithelial 
regeneration well advanced. Beginning regeneration of conjunctival epithelium, 
but the greater part of the conjunctiva remains denuded. ‘The lower lid shows 
many hemorrhages throughout its substance; the hemorrhages are more marked 
than in any other case. The eschar on the dermal side has completely sepa- 
rated with regeneration of the epidermis and hair follicles. Very few of the 
old hairs are left. Edema is still persistent on the conjunctival side, but less 
marked. 

Sixty-five Hours.—Cornea shows regeneration of the corneal cells through- 
out its entire extent, but most marked at the periphery. There is marked re- 
generation of the endothelium of the anterior chamber with plasmodial masses 
of epithelium on the surface. Anterior chamber contains large numbers of 


leucocytes. Lids show marked edema, extreme congestion and multiple hem 


Fig. 17.—Cornea three and one-half days after application of standard droplet. Complete necrosis 
of corneal tissue; ulceration of surface; beginning infiltration with polynuclear leucocytes and collection 
f polynuclear leucocytes along the line of the necrotic endethelium. 


orrhages. Eschar on epidermal side is very deep and not completely sepa- 
rated. Changes much more severe than in the preceding instance .with less 
regeneration and repair. 

Seventy-two Hours —Edema of lids still very marked. Deep eschariza- 
tion on epidermal side with eschar separating. Very little regeneration and 
repair. In the lower lid the edema is very marked, with liquefaction necrosis 
of the subconjunctival connective tissues. 

Eighty-four Hours-—(See Figs. 17, 18.) Complete necrosis of cornea with 
no evidence of repair except at the limbus. Very marked congestion and nu- 
merous hemorrhages in the lids. Nearly complete depilation with regeneration 
of epidermis and hair follicles. Membrana nictitans markedly hemorrhagic and 
shows some fibroblastic proliferation. 

Ninety-six Hours.—Cornea completely necrosed in the vertex. Prolif- 
eration of corneal cells toward the limbus. Fibroblastic proliferation near 
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sclerocorneal junction. Very deep escharization of epidermal side of lids with 
separation of eschar. (See Figs. 34, 35.) Regeneration of conjunctival epi- 
thelium in various portions of both upper and lower lids. Edema of lids much 
less marked, but lids are thickened by the marked fibroblastic proliferation. 
One Hundred Ten Hours.—Cornea completely necrosed in central por- 
tion. At limbus it shows polynuclear infiltration and fibroblastic proliferation. 
Anterior chamber contains numerous polynuclears, pus. Iris and ciliary body 
show cellular infiltration. Conjunctiva shows areas of regeneration of epi- 
thelium. Edema is less marked. The gland of Harder shows liquefaction 
necrosis, as do also the tarsal glands. Necrosis of the epidermal side is deep, 
but the eschar has nearly completely separated and there is regeneration of 
the epithelium in some areas and of the hair follicles. Edema of lids is much 


Fig. I8.—Section of sclerocorneal junction, three and one-half days after application of standard droplet. 
Infiltration of leucocytes, beginning fibroblastic and angioblastic proliferation. 


less marked but the lids are thickened by the connective tissue proliferation. 
The membrana nictitans shows almost complete regeneration of its epithelium. 

Five Days.—There is some regeneration of the corneal epithelium and 
proliferation of corneal cells and infiltration of leucocytes throughout the en- 
tire cornea. The edema of the bulbar conjunctiva is still very marked while 
that of the palpebral is very much less. The subconjunctival lymph follicles 
are very hyperplastic. Large dilated lymphatics show, however, in the sub- 
conjunctival connective tissue of the lids. The escharization of the epidermal 
side is very deep extending below the hair follicles, and there is no repair. 
In the lower lid the edema fluid shows marked fibrin formation. 


Six Days.—Regeneration of the corneal epithelium over the limbus and 


extending in a delicate layer over the vertex. Endothelium of anterior chamber 
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Marked regeneration of the epithelium of the palpebral con- 


is regenerating. 
Regeneration less marked on the 


junctiva with overformation of epithelium. 
epidermal surface. Lymph follicles hyperplastic. The bulbar conjtinetiva. still 
shows marked edema without much cellular infiltration. 

Seven Days.—(See Vig. 19.) Marked regeneration of the cornea with 
great thickening, the cornea being more than twice as thick as normal but the 
thickness varying in different portions. Marked infiltration of leucocytes and 
marked proliferation of the cells of the substantia propria. Around the 
periphery there is a marked formation of new blood vessels extending into 
the limbus and reaching nearly to the vertex. Marked regeneration of the 
endothelium of the anterior chamber. Sections cut in some planes of the cor- 
nea show a failure of regeneration of the corneal epithelium and a_ very 
marked infiltration of the anterior lamelle. The conjunctival epithelium shows 
marked regeneration while the eschar of the epidermal portion of the lids has 


not vet separated. The bulbar conjunctiva still shows marked edema of the 


Be 


_ Fig. 19.—Section of corneal vertex seven days after application of standard droplet. Ulcerated 
surtace Infiltration of necrotic cornea with polynuclears and scattered fibroblasts. Beginning regenera 


tion of endothelium. 


subconjunctival tissue. The lids are thickened by the marked fibroblastic pro- 
liferation. There is intense congestion and many capillary hemorrhages. 
Eleven and One-half Days-—Cornea thickened irregularly from leucocyte 
infiltration and proliferation of cells of the substantia propria. At the periph- 
ery the escharization is quite marked extending onto the bulbar conjunctiva, 
beneath which there is a marked leucocytic infiltration. The conjunctiva shows 
marked regeneration of its epithelium, with marked infiltration of the subepi- 
thelial tissue and marked hyperplasia of the lymph nodes. On the epidermal 
surface there is a very marked eschar formation which is partly adherent and 
partly separated. Beneath it there is marked regeneration of the surface epi- 
thelium and of the hair follicles. The membrana nictitans is markedly thick- 
ened, its epithelium nearly regenerated, and it shows a marked proliferation of 


new blood vessels with very hypertrophic endothelium. 
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Twelve and One-half Days.—Changes identical with the preceding. The 
hyperplasia of the subconjunctival lymph nodes is very marked. 

Two IlVeeks—Cornea very irregular in thickness. Shows less evidence of 
regeneration and repair than the preceding. New blood vessels extending into 
Evelids show marked regeneration of epithelium both 


it from the periphery. 
Large nests of cells proceeding from 


on the conjunctival and on the skin side. 
the hair follicles. 

Three IlVeeks—RKegeneration of corneal epithelium and endothelium of 
anterior chamber. Marked proliferation of blood vessels around the periphery 
of cornea and formation of scar tisue replacing the corneal substantia propria. 
Great irregularity in thickness of cornea. Eyelids show advanced repair and 


~ 


Fig. 22.—Section of corneal limbus four weeks after application of standard droplet. Advancing repair 
into the cornea from the sclerocorneal junction. 


regeneration of the epidermal surfaces and of the conjunctival surface. Edema 
still present on the conjunctival side. The regenerating hair follicles and se- 
baceous glands form large atypical cell nests. The sinus hairs show fibro- 
blastic obliteration of the cavernous spaces and atypical proliferations of 
squamous epithelium suggesting newly formed sebaceous glands. 

Four lVeeks—(See Figs. 20, 21, 22.) The cornea shows throughout re- 
generation of its epithelium and of the endothelium of the anterior chamber. 
It is very irregularly thickened and has an uneven surface. From the periphery 
great numbers of newly formed vessels extend up toward the corneal vertex, 


on one side reaching half way across the cornea. These vessels are much more 


numerous on the anterior side of the cornea and many of them are very large 
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23.—Section from the inferior portion of the cornea seven weeks after application of the 


Fig. 23. 
standard droplet. Persistent ulcer; marked polynuclear infiltration of the cornea and repair. Blood 
vessels have reached the center of the cornea. 


™ . . 4 
Fig. 24.—Section from inferior portion of corneal limbus, seven weeks after application of stand- 
ard droplet. Partial regeneration of corneal epitheium. Marked polynuclear infiltration and advanced 

a vascularization and repair of the substantia propria. Regeneration of the endothelium of the anterior 


chamber. 
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S Section 
droplet, 


from the superior half of 


the corneal vertex seven wecks after application of standard 
showing the greater degree of cicatrization usually found in this portion, 
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Fig. 26.—Section of corneal limbus from same eye as the preceding figure, showing advanced cicatrization. 7 
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and dilated. © one side near the scleral junction there is a large area ot 
subepithelial edema infiltrated with leucocytes producing an elevation on the 
cornea as described in the gross notes. Other sections of the cornea show it 
to be heavily infiltrated with pus cells between the newly formed blood vessels. 
Kegeneration of conjunetival epithelium is complete except near the palpebral 
margin where there is still an ulcer. Mdema of the subjunctival tissues is much 
less marked than in the preceding. Harder’s and the tarsal glands show marked 
Iwmphoid infiltration. Lacrimal gland more normal in appearance. Hair fol- 
licles show new formation of hairs. ‘The large sebaceous glands at the palpebral 
margin are hyperplastic and the lymph nodes of the conjunctiva are also hyper- 
plastic. 

Seven See Vigs. 23, 24, 25, 20.) The cornea is markedly but 
very irregularly thickened throughout, heavily infiltrated with leucoevtes and 
shows throughout its extent a marked new formation of blood vessels. Substan- 
tia propria is largely replaced by fibrous connective tissue. The membrane of Des- 
cemet shows as a clear hyaline line and the endothelium of the anterior chamber is 
regenerated in a flat laver over this. The regeneration of the epidermal surface 
of the lids is complete; the sebaceous glands are approaching normal size. ‘The 
edema has almost entirely disappeared except over the bulbar conjunctiva. 
Lacrimal gland is still hypertrophic. Lymphoid tissue in Harder’s gland is 
hyperplastic, as are also the subconjunctival lymph nodes. The lids and_ nic- 
titating membrane are thickened from the new formation of connective tissue. 

Tre Doc. smaller series was also carried out upon dogs. The changes 
are essentially the same in kind, although apparently of greater intensity. A 
marked hemorrhagic condition of the conjunctiva was noted in the earlier 


stages. 


EXPOSURE TO DICHLORETITYLSULPIIDE VAPOR 


Tine Raspir.—Series of animals exposed for varying periods to varying 
concentrations of mustard gas vapor (1:20,000-1:50,000) and killed at inter- 
vals of twelve hours to four days after exposure in the gassing chamber showed 
precisely the same changes in kind as the animals treated with the standard 
droplet of the liquid. It was found that a fifteen minute exposure to a 1:20,000 
concentration produced changes identical in degree with those produced by 
the standardized drop of liquid. It is noteworthy in these experiments with the 
weaker concentrations of the gas that the cornea first showed evidences of ne- 
cresis and then the skin surface of the lds, while the conjunctival epithelium 
did not undergo necrosis, and the conjunctiva itself presented only the picture 
of a mild conjunctivitis with an unusual degree of edema, particularly of the 
bulbar conjunctiva in the earlier stages, and of the palpebral in the later. The 
epidermal changes were in all cases much more severe than the conjunctival, 
marked necrosis of the former occurring when no necrosis of the conjunctival 
epithelium was observed. The corneal necrosis was always most severe at the 
corneal vertex. In all cases exposed to the gas the lesions are most intense in 


the portion of the conjunctiva and cornea exposed in the palpebral fissure, and 
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Pyknosis of conjunctival 


Fig. 27.—Bulbar conjunctiva twe hours after application of standard droplet. 
epithelium and marked edema of the subepithelial connective tissue. 


Fig. 28.—Section of palpebral conjunctiva five hours after application of standard droplet. Pyknosis of 


conjunctival epithelium. Edema of subconjunctival connective tissue. Polynuclear infiltration. 
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Fig. 29.—Section of palpebral conjunctiva eight hours after application of standard droplet. Complete 
necrosis of epithelium. Marked congestion. Minute hemorrhages. Polynuclear infiltration. 


Fig. 30.—Section of palpebral conjunctiva just above the lid margin showing the fibrinopurulent exudate 
and greater degree of necrosis at this point. 
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Fig. 31.—Palpebral conjunctiva twenty-six hours after application of standard droplet showing advancing | 
necrosis, more marked infiltration, congestion, minute hemor rhages, and edema. | 

} Fig. 32.—Palpebral conjunctiva thirty-four hours after application of standard droplet. Section 

it fornix of upper lid showing te complete loss of the necrotr surface, extreme edema and polynuc lear 


infiltration. 
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Section from the same region as in the preceding, but taken deeper down, showing the extreme 
edema and liquefaction necrosis, below the narrow band of the sphincter orbicularis. 


Section of upper lid at palpebral margin four days after direct application of standard droplet. 


Fig. 34. 
Advanced ulceration, beginning renair. 
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the lesions therefore are much less diffuse than when direct application is used, 
thus resembling more nearly the human cases. 
DIRECT APPLICATION OF MUSTARD GAS LIQUID TO THE EYES OF DEAD ANIMALS, 
THE EYES SO TREATED BEING EXAMINED AT INTERVALS 
Microscopic examination of eyes, to which dichlorethylsulphide had been 
applied postmortem, shows no changes attributable to the action of the mustard 


gas liquid. 


= - - 

- 

< 

Fig. 35.—Section of same lid near fornix. Regeneration of the conjunctival epithelium. Disappearance of 


the edema and advancing cicatrization of the subconjunctival tissues. 


EYES OF ANIMALS RECEIVING SUBCUTANEOUS AND INTRAVENOUS 
INJECTIONS OF DICHLORETHYLSULPHIDE 


Animals so treated died within five hours after the intravenous injection 
of one minim and uniformly, in four to five days after the subcutaneous injec- 
tion of one minim. Microscopic examination of the eyes of these animals 


shows no evidence of conjunctivitis or other lesions. 


EYES SHOWING SECONDARY INFECTION 


Four cases showing panophthalmitis, three at five weeks and one at six 
weeks, show microscopically a diffuse suppurative process involving all the 
structures of the eye and of the orbit. The suppurative process begins first 
in the cornea, and in the earlier stages may show as small pinpoint abscesses 
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in the substantia propria, each surrounding a colony of cocci. The process 
extends through the anterior chamber toward the posterior portion of the eye- 
ball until ultimately all is involved. Similar changes are observed in a dog 
three weeks after exposure, the earlier infection in this case resulting from 
the lack of care and the lessened resistance of this especial animal. 


CHANGES IN ORBITAL TISSUES 


In the uninfected cases these consist of congestion and edema, and a 
mild diffuse inflammation, involving particularly the ocular muscles. In the 


infected cases there is a diffuse suppurative process. 


Summary of the Microscopic Pathology 


1. The microscopic changes produced by the direct application of the 
standard droplet of the liquid and by exposure for fifteen minutes to a vapor 
concentration of 1:20,000 are identical. 

2. Changes in the Cornea.—The earliest changes noted are in the cornea, 
consisting of pyknosis and contraction of the epithelium and of the substantia 
propria, most marked at the corneal vertex and extending to Descemet’s mem- 
brane. This is followed by a loss of nuclei until by the twelfth hour the cor- 
neal vertex shows complete necrosis, the necrosis often extending through the 
limbus nearly to the scleral junction. Desquamation of the dead corneal epi- 
thelium begins in about five hours. Polynuclear infiltration of the sclerocorneal 
junction begins in five to six hours. TF ibroblastic proliferation was first noted 
at thirty-four hours at the sclerocorneal junction. Earliest signs of regeneration 
of the corneal substantia propria were noted at the periphery at sixty-five 
hours. New formation of blood vessels into the limbus was well marked as 
early as seven days. Slow repair of cornea continues for several weeks with 
development of a highly vascularized corneal cicatrix. Marked changes in the 
corneal thickness occur as the result of separation of the lamellz, edema, cel- 
lular infiltration and fibroblastic proliferation. The severity of the corneal le- 
sion is in direct proportion to the concentration of the gas and the period of 
exposure. 

3. Changes in the Conjunctiva.—Necrosis and desquamation of a large part 
of the conjunctival epithelium results, but it is noteworthy that this necrosis 
is much less in degree than that of the cornea or of the skin surfaces of the 
eyelids. The primary necrosis rarely extends beneath the basement membrane 
of the palpebral and bulbar conjunctiva, except at the palpebral margin where 
collections of a serofibrinopurulent exudate take place. Here shallow ulcers 
are produced. The most striking feature of the conjunctival involvement is 
the extreme edema of the subconjunctival connective tissues which is usually 
most marked in the bulbar conjunctiva near the scleral sulcus and in the pal- 
pebral conjunctiva of the upper lid. This is so extreme that liquefaction ne- 
crosis in this tissue, with marked leucocyte infiltration, usually follows. Petech- 
ial hemorrhages are of frequent occurrence in the subconjunctival connec- 
tive tissue. Regeneration of the conjunctival epithelium occurs readily and 
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healing takes place with a permanent thickening of the conjunctiva due to the 
formation of fibroblastic tissue. 

4. Structures of Eyeball.—(See Vigs. 40, 47.) Iritis and iridoeyelitis with 
exudation into the anterior chamber, occur without infection in the severest 
forms of gassing; and are common occurrences at about the third to sixth week 
in the uncared-for cases as the result of secondary infection even when the 
gassing was light. In the cared-for cases of average exposure, no changes were 
observed in iris, ciliary body, chorioid, retina and optic nerve, except congestion 
and edema. 

5. Nictitating Membrane.—Changes observed in rabbits are necrosis of 
the epithelium, extreme edema, multiple hemorrhages, congestion, and eventu- 
ally more or less marked thickening from connective tissue proliferation. 

6. Lacrimal Gland.—Increased functional activity was noted at all times; 
ultimately, overuse atrophy and subsequent hypertrophy. Increased albumin 
content was observed in the secretion. 

7. Harder’s Gland.—-Varenchymatous degeneration and inflammatory intil- 
tration occurred. 

8. Tarsal Glands.—Evidences of penetration into the tarsal glands were 
shown by degeneration and necrosis of certain of the acini. Leucocyte infiltra- 
tion occurred about and into these glands. 

9. Skin Surface of Eyelids. —The same changes were observed in the cuta- 
neous surface of the evelids as were described in our paper on cutaneous le- 
sions. The important influence of the sebaceous glands and hair follicles in 
permitting the entrance of the gas into the deeper tissues of the dermis is 
strikingly shown here, the penetration into and resulting escharization of the 
skin being greater than in the case of the cornea or the conjunctiva. 

10. The relatively slight penetration into the subconjunctival tissues may 
be explained as the result of the protection afforded by the moistness of the 
surface and lacrimation. 

11. Orbital Tissues.—In the cared-for cases congestion, edema and a mild 
diffuse cellular infiltration, particularly in the orbital muscles was noted; in 


infected cases a diffuse suppurative cellulitis occurs. 


HI. CLINICAL CASES 


(For the opportunity of examining the clinical cases, and for their his- 
tories, we are indebted to Capt. L. L. Roos.) 

Case I.—(See Fig. 36.) Exposed to strong concentration of mustard 
gas vapor for 10 to 12 minutes. Patient wore a gas mask. 

The eyes began to burn and be painful, lacrimated freely, and were red 
and inflamed two hours after exposure. Three to four hours after exposure 
he began to feel as though there were granules beneath the eyelid. He could 
not keep his eyes closed because there was much more pain when the lid bor- 
ders were approximated. He was very sleepy, because of much loss of rest due 
to night work, and his eyelids felt heavy. 

He went to bed. Borie acid compresses (cold) were applied. American 
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oil was instilled once; it did no good. ‘The compresses were to be continuous, 
they relieved the pain, but he could bear them only about one-half hour at a 
time, through the night. For three to four days argyrol was instilled once in 
24 hours after exposure, and did very little good. The palpebral conjunctiva 
appeared “blistered” the morning after the exposure. 

The irritation continued for three to four days but gradually decreased in 
severity. The congestion decreased but was still marked. In fact it was pres- 
ent and quite distinct thirtv-one days after exposure. 

The patient complained of “misty” blurring of vision which was marked at 
first and has decreased also, but was still present three weeks after exposure. 
The bright sunlight hurt his eves, the lids felt heavy. 

There was no interference with accommodation so far as the patient knew. 
He was able to read about the tenth day, but could only read a page at a time. 

Examination.—Congested dilated vessels on the bulbar conjunctiva from 
the border of cornea, over the limbus, to the inner and outer canthus in each 
eve. The congestion and thickening of the bulbar conjunctiva showed in the 
palpebral aperture which is really exposed bulbar conjunctiva when the lids 
are in their normal position, open. The palpebral conjunctiva, especially supe- 
riorly, shows slight thickening. 

Case Il.--( Fig. 37.) Exposed ten to twelve minutes to a strong concen- 
tration of mustard gas vapor. He wore at the time a gas mask. 

Sulphur dichloride and sulphur monochloride have always irritated his eyes. 
He first noted irritation under the arms about four hours after exposure, and just 
one hour later, that is, five hours after exposure, there was a stinging irrita- 
tion “just like salt” in the eves. One drop of “Silvol” solution was put in each 
eve. This increased the pain. The eves lacrimated profusely, and the eve-balls 
were red, and the vessels congested. Boric acid compresses (cold) were ap- 
plied at intervals all night. At 3 a.m. he found that he could only open his eves 
to a slight extent, the aperture was only about ', inch at the greatest. The lids 
were edematous and this prevented the opening of the eves. The morning 
‘glued 


. 


after the exposure the eves were completely closed and the lashes were 
together” by the thick purulent exudate. He could not open the eves wide 
enough to see anything. At the first-aid room argyrol and sterile American oil 
were put into the eves and he was put to bed and cold or iced boric compresses 
were put on continuously for 5 days. .\rgyrol was instilled 34% days after ex- 
posure for about 30 minutes and everything both near and far was found to 
be blurred. The conjunctiva was congested. lor more than 10 days the eyes 
lacrimated profusely, especially the left eve. On the fifth day his vision was 
clearer but very much impaired. He could not see endings of words or letters 
at all on a printed page. He could not read ordinary print for ten days and then 
he could only read the print for 10 minutes at a time until the eves ached, 
and things became blurred. 

It was not until the eighteenth day that he could read for an hour at a 
time. His vision for distance has gradually improved but is still somewhat 
blurred. At the end of the third week near vision is such that he can as vet 
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not read much more than one and a half hours at a time and then he must rest 
two to three hours. 

Examination—Thickening of the conjunctiva in the palpebral fissure is 
especially marked in the triangles with apex at the inner canthus and base 
at the inner limbus. The thickened conjunctiva is yellowish. The vessels are 
slightly congested. The palpebral conjunctiva is not very much changed, pos- 


sibly slightly thickened. 

Case II].—Exposure of 40 minutes in 4 shifts to strong concentration of 
mustard gas vapor while wearing a gas mask. 

The eves had been congested for two days because of exposure to hydro- 
chloric acid gas. On entering the infirmary at 6 p.m. he had no eye symptoms 
but because of the congestion the eyes were irrigated with sodium bicarbonate 
solution or boric acid. He was very nauseated and sick, and vomited, and 
retched very much. At the same time he complained of severe sharp pains in 
the eves. 

Boric acid compresses were applied continuously for three days and the 
eyes were washed with the boric acid about every fifteen minutes for the en- 
tire first night. The eves were very painful, burned and felt as though an electric 
current was passing across and through the anterior part of the eye. The eves 
were swollen and a purulent exudate glued the eyelashes down. On the third 
day while his eyes were being opened and argyrol instilled he had a flash of 
vision for a second, just long enough to see his nurse. On the fourth day he 
He had been able to open his eyes about the fourth 


recognized individuals. 
On the fifth day he opened his eyes 


night, but he could only see a dull light. 
slightly and everything was blurred, near and distant; vision was likewise 
impaired. 

He was not able to read for about fourteen days, and then only for about 
five minutes at a time, gradually becoming able to read more and more, but at 
present he can read only about one to two hours at a time. When in the sun- 
light, however, there is a feeling of “wideness” (of the palpebral opening), some 
blur, and some discomfort, and slight photophobia. 

Examination.—In the morning there is slight purulent exudation which 
glues the eyelashes together; there is a small drop of purulent exudate in the 
inner canthus. There is a slight blepharitis marginalis. The ocular conjunc- 
tive show the thickened, slightly yellowish, elevated areas, pingueculz, on either 
side of the cornee. The vessels are large, slightly dilated and congested. 
The palpebral conjunctiva shows nothing of any great interest. 


Case IV.—(See Fig. 38.) Exposure of 30 minutes to strong concentra- 
tion of the vapor ‘of dichlorethylsulphide while wearing the gas mask. 

He was first exposed at about 3:30 p.m. and noticed his first symptoms at 
about 5 p.m. ‘There was irritation, burning and lacrimation of the eyes and a 
“fainc feeling” in the pit of the stomach. ‘Then on leaving the infirmary and 
getting into “the air” the eyes felt better and he was not troubled until he re- 
turned to the infirmary. Here after taking the routine “shower, kerosene rub 
and shower,” treatment and retiring, his eyes felt very painful with the sensa- 
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Fig. 36.—Congestion of the conjunctival vessels persisting te a marked degree, four weeks after exposure 
to dichlorethylsulphide vapor. 


Fig. 37.—Persistent congestion four weeks after exposure to dichlorethylsulphide vapor. Acute 
symptoms were very severe and the patient still complained of dimness of vision when he left the 


hospital after five weeks. 


of left upper lid in a case of severe 


Fig. 38.—Marked conjunctival congestion and hordeolum 
part of the general 


mustard gas conjunctivitis. Four weeks after exposure. The hordeolum is a 
staphylococcus furunculosis which may characterize the later stages of the severe skin burns. 


Fig. 39.—Dichlorethylsulphide conjunctivitis four weeks after exposure to vapor. In the acute stage 
there were extreme photophobia, lacrimation, pain, edema and purulent exudation. The residual con- 
gestion and seropurulent exudation are still evident. 


: 
} 
| 
| | 
| 
| 
| 
| 
he | 


S24 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


thick 


tion of fine sand under the lids and there was profuse lacrimation. 

serous exudate made the evelashes mat together and seal the eye. 
His vision was blurred, probably due to the increased lacrimatory secre- 

tion. The eves were red and congested, according to his roommate. His eyes 

\merican oil was instilled and cold boric acid 


were irrigated with boric acid; 
Argyrol was used from 


compresses were applied continuously for five days. 
the second day until about the fifth day. 

The eyes could not be opened, because the lids were swollen, edematous, 
and glued together at the margins by the matted lashes. 

After the third day he was able to hold the eves open for a few minutes at 
long intervals, but it was not until the fifth day that he could dispense with the 
compresses. His vision had always been very blurred, but cleared fairly well 


on the fifth day. 


There was some vellowish exudation with considerable serous 
The eves were washed frequently during the day with boric acid 


exudation. 
solution. 

A hordeolum formed on the upper evelid near the inner canthus, on about 
the fourteenth day. 

The patient did not attempt to read for two weeks and when he did begin 
he noticed no trouble, except that the eyes ached after he had read a quarter to 
half an hour. He could not read magazines until about the tenth day. 
Examination._—The bulbar conjunctiva shows the same features as in the 
other cases but to a more marked degree; there is a thickening and a yellow- 
ish change, with marked congestion of the vessels of the part of the conjunctiva 
that is exposed in the palpebral fissures, on either side of the cornee. At the 
limbic border a number of straight, small, deep vessels were seen to be injected 
and suggested a deeper penetration and a sclerociliary injection. ‘The conjunctiva 
from the inner limbus to the inner canthus is more markedly involved. 

Case V.—(See Fig. 39.) Exposed thirty to forty-five minutes in several 
shifts to strong concentration of dichlorethylsulphide vapor, while wearing gas 
mask. 

Began on the evening shift at + p.m. and first exposed himself at this time. 
He noticed no eye symptoms until about 10 p.m. when there was burning, a feel- 
ing as though granules were under the lids, and a fairly profuse lacrimation. 
Cold boric acid compresses, boric acid eye washes, ete., were employed during 
the night and for several days. ‘The routine treatment, as given, together with 
argyrol instillations was employed. .\ccording to the physician in charge, the 
patient was in severe shock. 

There was some pain, blurred vision for near and distant objects, and a 
profuse lacrimation. At first the lacrimation was serous in type, but soon it 
became yellowish, thicker and almost purulent. The lids were tightly sealed 
and somewhat edematous. 

The symptoms continued to be fairly severe and the treatment was kept 
up for about a week. It was not until this time that the vision was at all clear. 


The lacrimation has continued. 
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The patient has not attempted to read as yet though he has had no trouble 
with his vision for about twelve to fourteen days. 

Examination. Slightly congested areas in the palpebral aperture on each 
side of the cornee. The conjunctiva shows slight thickening in the same ex- 
posed areas. The discharge from the collection of the pus is found both in the 
inner and in the outer canthi. The palpebral conjunctiva shows nothing of 
significance. 

Case VI.--( See Fig. 40.) Exposed 45 minutes in several shiits to strong 
concentration of mustard gas vapor, while wearing gas mask. 

The irritation of the eves began at about 9 p.mM., some five hours after ex- 
posure. ‘There was severe burning and a feeling of sand and glass scratching 
in the eves. 

There was profuse lacrimation and congestion. ‘The next morning after 
the exposure the exudate from the eves was seen to be more or less purulent 
and glued the eyelashes together, and held the eves closed. 

After the parts had been treated with cold boric acid compresses during 
the whole first night as had been done in all the cases it was--necessary to 
“flush” the eves with the solution in order to dissolve and loosen the plastic 
purulent exudate. When opened the eves were found to be much congested 
and small blebs were seen especially on the lower palpebral conjunctiva. . Ar- 
gvrol was instilled as in the other cases and continuous compresses were ap- 
plied for tive days. The eves were opened for short spaces of time on the fourth 
and fifth days and a blurring and dimness of vision was noted. The patient 
has not attempted to read as yet because of his severe general condition, but 
he has noticed no symptoms on the part of his eves since the end of the first 
week of his trouble. 

Examination.—Shows the same condition that has been found in the other 
cases. The acute congestion has decreased and the signs remaining are those 
of a somewhat chronic irritative process. ‘There is the slight thickening in 
the exposed part of the bulbar conjunctiva in the palpebral fissure. 

Cast VII——Exposed directly to strong vapor. 

The vapor irritated the eves severely and caused pain and lacrimation for 
ten to fifteen minutes. There were no blebs but there was some congestion. 
After this there was no more pain and the patient continued to work where there 
is practically always some vapor. 

The patient's eyes were not painful but became more and more congested. 

Examination.—The whole conjunctiva was inflamed, congested and slightly 
edematous, the lacrimation was increased in amount. The vision was appar- 
ently not involved. The bulbar conjunctiva was more markedly congested and 
affected than was the palpebral. Under the boric-acid-continuous-compress 
treatment, there was a decided improvement, the congestion was fairly well 
relieved in about four days. (Picture taken on fifth day.) 

On fifth day the area which is most markedly injected is in the bulbar con- 
junctiva of the palpebral fissure. Some of the scleral vessels in this region are 
injected. The small subcutaneous fatty area (pinguecula) is present. 
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Case VIII.—(See Fig. 41.) Exposed to fumes of ethyl alcohol, ethylene 
and some dichlorethylsulphide. 

The eyes showed chronic irritation, thickening of the 
in the palpebral aperture, and some yellowish discoloration and areas that ap- 


bulbar conjunctiva 


peared to be fatty deposits. 


Fig. 40.—Dichlorethylsulphide conjunctivitis four weeks after exposure to vapor. The severity 
of the original process is indicated by the severe skin changes. The persistent congestion is the sole 


evidence of the severe conjunctivitis that was present. 


Fig. 41.—Repeated exposures to a low concentration of mustard gas vapor. Persistent con- 
the sclera in the palpebral fissure. Yellowish pigmented elevation of the con- 
of limbus of the nature of a pinguecula. 


gestion. Pigmentation of 
junctiva near inner segment 


Fig. 42.—Conjunctival congestion and pigmentation of the sclera limited to the exposed area im 
the palpebral fissure of a patient subjected to low concentrations of mustard gas vapor over a relatively 
long period. Gave no history of a severe acute process. 


The patient complains of impaired vision. He has had one severe arm 


burn but there were no eye symptoms at that time. 
At present he complains of lacrimation and blurring of vision. 


Cast IX.—(See Fig. 42.) There has been a slight irritation and itching 
and some congestion of the conjunctiva for about two weeks. At first the 
symptoms were very mild and noticeable only after exposure to dichlorethyl- 
sulphide. The symptoms were exaggerated and prolonged if the patient sat 
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through a moving picture show. Bright sunlight also increased the symptoms. 

The conditions have been more or less cumulative and the symptoms have 
gradually increased. During the past week, he has had lacrimation, congestion 
of the bulbar conjunctiva in the palpebral fissure and difficulty in accommoda- 
tion in the right eye with more or less blurring of vision. 

There is also some sticky seropurulent exudate, and in the morning the 
eyelids and lashes are glued together, and a drop of pus is seen in the inner 
canthus. He has used only the boric acid wash. 

Examination.—Shows a picture similar to the others, with a thickening of 
the conjunctiva of the eyeball that is exposed in the palpebral fissure. The 
right eve shows slightly more congestion and thickening than the left and there 
is some ciliary injection about the sclerocorneal junction. 

The palpebral conjunctiva, especially over the lower right eyelid, shows 


some congestion and slight thickening. 


Case X.—Exposure without mask to strong concentration of mustard gas 
vapor. Symptoms developed three hours later. 

He complained of severe irritation and pain in the eyes and the lids were 
swollen, edematous and could hardly be separated. The routine cold boric acid 
compresses were used, and it was not until three days later that the edema dis- 
appeared. 

Cast XI.—Presented a somewhat different aspect. He was exposed for a 
short time, a few minutes, to quite a heavy dose of dichlorethylsulphide vapor. 
He had some slight irritation and lacrimation but no congestion to any marked 
degree. There was, however, a diminution of vision in the right eye which 
was said to be very marked. Both near and far vision were greatly reduced. 
There was blurring of all images. 

Report of Eye Specialist—‘In regard to Case XI, whom I this day exam- 
ined, I find his vision in right eye 4/200. Under atropine I find he has at least 
three diopters of hypermetropia with some astigmatism, the correcting of which 
does not improve his vision. 

“If this condition has been brought about in the last three weeks as he 
claims, though the fundus does not show this, it must be toxic. Otherwise, it 
is amblyopic and his previous vision was not normal.” 


Casré XIT.—Has been exposed to dichlorethylsulphide for about one month. 
He has had some irritation and congestion about one week ago. At present the 
condition appears to be much improved but the patient comes in complaining 
of failing vision, dimness and blurring. Both eyes are affected and the condi- 
tion is progressing rapidly; both near vision and distant vision are involved. 
The patient must bring a printed page to within six inches of the eye in order 
to be able to read. 

A close examination of the cornez failed to reveal any opacities to account 
for the trouble. The corneal epithelium showed no apparent thickening or dull- 
ing. ‘The conjunctiva shows some thickening and signs of chronic irritation in 
the part exposed in the palpebral fissure. It was considered that this case like 
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Case XI was one of some internal fundus pathology or an accommodation dis- 
turbance. 

Case XIII—Exposure of 1 hour to very dilute concentration of mustard 
gas vapor. 

Six hours later marked burning and irritation of conjunctiva, lacrimation, 
blurring of vision and reddening of conjunctival surfaces. These symptoms 
lasted three days and gradually decreased, but a feeling of roughness of lids 


and visual disturbance persisted for nearly two months. 


CLINICAL SUMMARY 


From these cases it will be seen that exposure to varying concentrations of 
vapor of dichlorethylsulphide for varying periods produces a conjunctivitis show- 


ing all stages and degrees of intensity from a simple acute type to a severe 


Fig. 43.-—Five weeks after direct application of dichlorethylsulphide to cornea. Dosage about 
twice the size of the standard droplet. Lids not separated. Eve untreated. Resulting purulent 
panophthalmitis with collapse of eyeball. 


chronic proliferative conjunctivitis. The symptomatology and clinical picture 
may vary greatly. The lesions are most marked in that portion of the bulbar 
conjunctiva exposed in the palpebral fissure. The milder cases recover after 
several days or weeks, but the more severe cases develop chronic hyperemia of 
the conjunctiva, new formation of vessels and scar tissue in the most severe, 
with more or less permanent disturbances of vision. One of the cases observed 
developed an almost complete amblyopia in one eye, so that only the perception 
of light and shadows was possible. In another case marked bilateral gradual 
reduction of vision was noted. A xanthoma-like pigmentation was also noted 
in the chronic cases, the pigmentation developing near the outer or inner sclero- 
corneal junction, or over the corneal limbus. 

There is no evidence of any metastatic involvement of the eye. In cases 
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showing severe burns of other parts of the body, arm, leg, ete., no conjunctivitis, 
even of the simplest type, developed. Such exceptions are explained entirely 
by the fact that the vapor did not reach the eves externally. In other cases with 
severe burns over the entire body with the exception of the face, which was 
‘ protected by the gas mask, no eve or conjunctival symptoms were noted. 
Fig. 44.—Right and left eyes of a rabbit 54 hours after 12 hours’ exposure in gas chamber to 
concentration of 1:50,000 of  dichlorethylsulphide. Kight eve received prophylactic treatment with 
lichloramine-T, 0.5 per cent in chlorcosane. Left eye untreated. Right eye shows much less marked 
corneal necrosis, the area of necrosis being sharply demarcated by the somewhat approximated borders 
of the palpebral fissure. The characteristic line described by Pissarello shows beautifully. The left 
eve shows the usual diffuse necrosis of the cornea 
| 
4 


Fig. 45.—Right and left eyes of rabbit gassed at the same time as the preceding. Right eye 
treated with four applications during the first 306 hours of dichloramine-T, 0.5 per cent in chlorcosane. 
Died 96 hours after end of exposure. Right eye shows less edema and much less marked corneal injury; 
left untreated for 60 hours, at end of which time some purulent exudate formed. Left eye, entirely 
untreated, showed the usual marked edema and corneal necrosis, with marked purulent exudation. 


IV. TREATMENT 
Inasmuch as the routine and universally employed clinical treatment ac- 
corded the cases, as described above, seemed to us unsatisfactory, experimental 
investigation was carried out with a hope of obtaining some improved method 
of treatment applicable to human cases. ‘The use of Dakin’s solution in the 


eye was naturally contraindicated because of its too great irritating properties, 
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so that milder chlorinating solutions were sought for this purpose and the 
choice naturally fell upon the solution of dichloramine-T in chlorcosane, par- 
ticularly as this substance had been recommended by various writers for the 
treatment of infective conditions of the eyes, such as trachoma. Our experi- 
ments showed that this solution, if applied to the eye before exposure to the 
gas, has a definite prophylactic action, and that when applied before and after 
exposure the resulting lesions are much less severe. (See Figs. 43, 44, 45, 46, 47.) 
In cases in which the exposure extends over a period of several hours, the 
administration of dichloramine-T in chlorcosane causes, naturally, no change 


in the intensity of the lesion. Here its after-use is indicated for its germicidal 


Fig. 46.—Ciliary body from eye of rabbit exposed 12 hours in gassing chamber to a concentration 
of 1:50,000. Animal died 92 hours later. Marked collection of polynuclear leucocytes in anterior 
in the iris of the left eye which had received no treatment with the 


chamber, in the ciliary body, and 
dichloramine-T solution. Same rabbit as in Fig. 44. 


action, and the prevention of secondary infection. It seems to us likely that 
instillations of dichloramine-T in chlorcosane solutions could be used as prophy- 
lactic methods on the battlefield during a known gas attack, and that in cases 
of severe eye injury due to dichlorethylsulphide its use should be continued for 


the purpose of preventing secondary infection. 


SUMMARY OF TREATMENT 


1. The use of any method of treatment which brings pressure upon the 
lids and eyeball such as tight bandaging or heavy compresses is absolutely con- 


traindicated. 
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2. For the mild cases, frequent irrigation with saturated boracic acid, the 
use of light weight boracic acid compresses, hot vapor baths, and protection of 
the eyes by darkening of the room, or by a light gauze bandage or by the use of 
smoked goggles are recommended. 

3. Special care must be taken to prevent the gluing together of the eye- 
lids by accumulation of the exudate. Should this occur the exudate should be 
softened and washed away with boracic acid with care to avoid forcible separa- 
tion of the lids. 

4. The use of argyrol, silvol, ete., is in our opinion, undesirable. 

5. The use of cocaine is considered unwise. 

6. For the severe forms the use of a 1 per cent Dakin’s solution is found 
to be too irritating. We therefore recommend the employment of the chlorcosane 


~ 


Fig. 47.—Iris of same eye as in preceding figure, showing congestion, edema and polynuclear infiltration. 
Marked polynuclear exudate in the anterior chamber. 


of dichloramine-T in a strength of 0.5 to 1 per cent, or even stronger. We fur- 
ther advise that in all cases of exposure to mustard gas this solution be used as 
an immediate irrigant for its prophylactic effects, followed in the milder cases 
of injury by boracic acid irrigation and in the severe cases by repeated irriga- 
tions with the dichloramine-T solution for the prevention of secondary infection. 
7. For the treatment of the refractive errors and more permanent disturb- 
ances of vision the patient must be referred to a competent ophthalmologist. 


CONCLUSIONS 


1. The action of mustard gas upon the cornea an¢! conjunctiva is essentially 
the same as that upon the skin. The conjunctiva is, however, less susceptible to 
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the action, or better protected, as the degree of necrosis produced in it is always 
less than that in the cornea or the epidermis. 

2. Exposures to dilute concentrations of the vapor produce slight degenera 
tions of the corneal and conjunctival epithelium followed by a simple conjune 
tivitis. The use of a 2 per cent alkaline aqueous fluorescein solution in demon- 
strating the necrosis of the corneal epithelium within ten to fifteen minutes after 
exposure to gassing has great clinical value. 

3. Exposures to stronger concentrations produce a more or less complete 
necrosis of the corneal vertex, extending throughout the entire depth of the 
cornea. Purulent exudation into the anterior chamber may occur; but no 
changes except congestion and edema were observed in the posterior chamber 
or optic nerve in noninfected cases. In severe cases iridocyclitis and iritis may 
occur without secondary infection. The conjunctival epithelium also suffers 
necrosis, and there results an intense edema of the subconjunctival tissues with 
marked congestion, multiple hemorrhages, leucocyte infiltration, and frequently 
secondary liquefaction necrosis. The depth of the necrosis in the conjunctiva 
is much less than that in the palpebral epidermis. This difference in degree of 
escharization can be explained in part by the penetration of the hair follicles 
on the skin surface, and in part by the moistness of the conjunctival surfaces 
and the lacrimation. A diffuse mild inflammation of the peribulbar tissues oc- 
curs, often with marked infiltration of the ocular muscles. 

4. No metastatic lesions of the eye could be produced experimentally by 
applications of mustard gas to other regions of the body, or by subcutaneous or 
intraperitoneal injections. 

5. For the milder forms of mustard gas conjunctivitis we recommend im- 
mediate irrigation with the 0.5 to 1 per cent chlorcosane solution of dichlor- 
amine-T followed by frequent irrigation with saturated boraciec acid solution. 
For the severe forms the same initial treatment followed by frequent irrigations 
with the dichloramine-T alternating with boracic acid. We advise against the 
use of bandages or compresses bringing pressure upon the eye, against the use 
of colloidal silver preparations, and against the use of cocaine. During exposure 
to mustard gas vapor the dichloramine-T solution may be used as a prophylactic 
agent. 

6. Healing in the more severe forms results in vascularization and cicatriza- 
tion of the cornea with marked disturbances in vision. Even in the milder forms 
of conjunctivitis, localized roughness or irregularity in the conjunctival surface 
may persist for weeks as the result of localized edema, hyperemia, cellular in- 
filtration, etc. Serious refractive errors and reduction of vision result, even 


in mild cases. For the correction of the disturbances of vision the patient should 


be referred to a competent specialist. 
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THE TREATMENT OF DICHLORETHYLSULPHIDE (“ MUSTARD 
GAS” ) INJURIES* 


MertHob oF THE UNIVERSITY OF MICHIGAN PATHOLOGICAL LABORATORY 


By Auprep S. WartHinx, Pu.D., M.D.; C. M.S., M.D.; Capr. Lester 


Roos, M.D... anp G. R. HERRMANN, M.S., M.D. 


_ litthe has been published, or made available to the medical profession, 
of the treatment of mustard gas injuries. This can be explained, in part 
at least, by military exigencies, but also, without doubt, chiefly by the fact 
that the treatment has been largely empirical or experimental. 

Mandel and Gibson (Journal American Medical Association, December 8, 
1917) give a summary of the treatment used abroad at the time of their writ- 
ing. This treatment consists essentially of the use of a 10 per cent sodium 
bicarbonate solution for the cutanesus burns, irrigation of the eyes with boric 
acid solution, use of alkalies internally, bleeding for the pulmonary edema, opi- 
ates for the paroxysmal cough and treatment of complications as they arise. 

Teuliéres (Journal de Médecine de Bordeaux, 1917, xlvi, p. 247; 1918, 
xlvii, p. 37) writing of the ocular lesions produced by mustard gas says that the 
treatment consists of the application of warm vapor and the instillation of a 
collyrium of atropine and iodeform ointment. From his article it would appear 
that bicarbonate water is used as an eve wash as a first-aid measure to those 
exposed to the gas. 

Teuliéres and Valois (Archives Ophtalmologie, 1916-17, xxxv, p. 403) 
again treat of the ocular lesions and state that the treatment that has given the 
best results is the eve-bath with warm vapor lasting for ten minutes and _ re- 
peated from four to five times daily. They also give instillations of adrenalin 
and cocaine solution for the pain and frequent instillations of atropine when 
the iris is involved. 

Giraud (Journal de Médecine et de Chirurgie, November 25, 1917, Ixxxvin, 
p. 890) gives the methods used in the French army at that time, as follows: 
Use of bicarbonate solution at the first-aid station, both for the eyes and the 
skin burns, followed in the case of the latter by a dressing of Vincent’s powder 
(boric acid and calcium hypochlorite). The lesions of the respiratory tract 
are given a purely symptomatic treatment of revulsions, opiates and expecto- 
rants. He mentions the fact that many men claim to have escaped the toxic 
action of the gas while smoking. 

Pissarello (Giornale di Medicine Militaire, 1918, Ixvii, p. 128) gives the 
ophthalmologic aspects of mustard gassing, and sums up the treatment as fol- 
lows: Patient immediately undressed; clothing aired and sunned. Bandage 
removed from eve at once, if present, as it may be a cause of corneal abrasion. 
Bandage a danger in cases of bulbar chemosis. Use light gauze curtain be- 


From t Pathological Laboratory, University of Michigan, Ann Arbor, Mich 
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fore eyes. ‘Two per cent bicarbonate or boiled sterile water as an eye wash, 
with warm vapor fomentations, twenty minutes each, three times daily. Avoid 
Zine oxide ointment for the lid lesions. For the skin 


bandages and cocaine. 
Patients 


lesions use pomade of vaseline and 10 per cent bicarbonate of soda. 
should be kept in a warm moist ward to prevent bronchial complications. Keep 
ward air moist by a boiler of 2 per cent bicarbonate solution. Use this solution 


as a gargle also. Dover’s powder, chloral and bromide mixture, opium and 


Fig. 1.—Foot 24 hours after exposure of 4 hours in shoe contaminated with mustard gas. Marked 
tense vesicles. Four hours after exposure, treatment by immersion in Dakin’s solution was begun with 


immediate good results. 


Photograph of foot six weeks after contaminaion of shoe with few drops of mustard 


Fig. 
gas. Six weeks treatment with zinc stearate, American ol, and vaseline ; roduced the picture seen in 
the figure. Within one week afer treatment with Lakin'’s solution and saline Laths the lesions were 


entirely epithelialized, with resulting prompt and complete recovery. 


belladonna may be used for cough and nervous symptoms.  Pissarello observed 


no internal toxic action of the gas. 

Bandaline and Poliakoff (Bull. de ' Acad. de Médecine, July 9, 1918, Ixxx, 
p. 30) advises the use of hot-air douches (150° to 180° C.), under pressure of 
300 gm.; to give relief to the intense pain and insomnia following mustard gas 
He also advises the use of a “linoserum” (infusion of flax seed 1.5 p. 


burns. 
100, 1000 grm., sodium chloride pure, 9 grms. filtered and sterilized in auto- 
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Fig. 3.—One week after 10 to 12 minutes’ exposure to strong concentration of mustard gas vapor; 
erythema and pigmentation of skin; acute urethritis and phimosis. 


; 
4 
J Fig. 4.—Buttccks of same patient as the preceding, taken at the same time, showing desquamation of 
; necrotic epidermis. As in most of the mild cases, the greater severity of the lesions about the genitals 
s and buttocks is well shown. 
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Fig. 5.—Genitals of same 


weeks he had been 
necrosis of the epidermis. When finally 


treated with applications of zinc 
persuaced to 


AND CLINICAL 


MEDICINE 


and olive oil, 
of Dakin’s solution 


patient as the preceding, two weeks after exposure; during these tw 
j stearate, vaseline 
use the hip bath 


increasing 
alternating 


with saline baths the effects were so prompt and so beneficial to the patient that he became one of the 
effected prompt 


most enthusiastic advocates of the 
healing. 


method. The change in the method 


ot treatment 


Fig. 6. 
mustard gas vapor. 
resultant 
tried so many ointments and applications that 
saline hip bath method. On beginning this method 
that he also became an enthusiastic advocate 
change of treatment uninterrupted. 


Photograph taken two weeks after one-half 
During this time patient was treated with zinc stearate and oily-base methods with 
of the skin of 
with difficulty persuaded to try the 
effects 


secondary infection, ulceration and gangrene 
he was 
of treatment the beneficial 


of the method. Progress 


hour’s exposure to strong 


the parts. 


of healing 


concentration 


were so 


patient had 
Dakin’s and 
marked 


the time 


of 
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clave, 20 minutes at 120° C.) to prevent dressings adhering to wound surfaces. 

The clinical resemblance of mustard gas lesions of the skin to thermal 
burns has led naturally to the use of alkalies externally and to the application 
of air-excluding protectives, such as oi!s, pastes, ointments, pomades, paraffin, 
oiled paper, dusting powders, ete. ‘The extensive use abroad of a 10 per cent 
bicarbonate solution is the result no doubt of its employment in the treatment 
of other forms of gassing, 


| 


Fig. 7.—Genitals two weeks after exposure to mustard gas vapor, during this time treatment 


was of the ordinary grease method and resul ed im secondary infection, deep necrosis and phimosis 
rhis photograph shows especially well the deep follicular abscesses in the skin of the scrotum and _ penis. 


Fig. &8.—Genitals twelve days after three-quarters of an hour exposure to strong concentration of 
mustard gas. During this time treatment with zine stearate. etc. Stinking gangrene of the = skin 
of the scrotum and penis. These parts were covered with a tough greenish yellow necrotic membrane, 
forming a complete cast of the parts and holding the infection and pus beneath it. This membrane had 
to be removed to permit access of the Dakin’s and saline solutions. The condition shown is a very 
striking example of the bad effects of the grease method of treatment. 


From the laboratory standpoint and theoretically it became very evident 


to us that any form of treatment covering the surface of the injured skin 
areas and forming an air-excluding and germ-including coating was the worst 
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possible method of treatment. Our animal experiments with zinc stearate and 
other forms of oily coatings confirmed this view. Inasmuch as mustard gas 
causes a necrosis, more or less deep, of the skin, cornea and conjunctiva, and 
mucous membrane of the respiratory tract, the therapeutic problems are as fol- 
lows: 4 

1. To sterilize the dead tissue and prevent infection of the eschar. 

2. To prevent further necrosis by removing pressure. 

3. To promote removal of the eschar and rapid regeneration and healing 
without secondary infections. 

Naturally, the use of Dakin’s solution suggested itself as an ideal method 


Method of applying Dakin’s and saline solutions to mustard gas lesions of the genitals. Genitals of 


Fig. 9. 
this patient shown in Fig. 6. 


— | 


particularly, because the use of a chlorinating solution would also serve to de- 
stroy any mustard gas remaining in the skin, hair follicles, or sweat glands. 


The use of the bath method, as carried out in the treatment of severe thermal i 
burns and necrotic and suppurative conditions of the skin, and especially, be- 
cause of the danger of bedsores and secondary necrosis from pressure, seemed 4 


an ideal method of treating severe mustard gas lesions. 
An opportunity of applying these principles to the treatment of mustard 
A number of cases with mustard 


gas lesions in human beings presented itself. 
gas injuries varying from the mildest form up to the most severe and fatal ‘ 
degree were seen by us. When first seen they had been treated for a week by , 
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! the air-exciuding method of zine stearate, olive oil, mineral oil, oiled paper, ete. 
The severe cases were all infected, stinking with the odor of gangrene; the in- 
jured areas of the skin were gangrenous and dripping with a purulent san- 


| guineous fluid, and large areas of pressure decubitus were developing. An op- 
} portunity was afforded for the practical working of our suggestions; and the 


; Fig. 10.—Diffuse erythema of the skin due to ten to twelve minutes exposure to strong con- 
a centration of mustard gas. Treated one week by the grease method with increasing infection of the 
i dead skin, particularly around the genitals and anus. Change of treatment of the wet Dakin and saline 


methods resulted in prompt healing. 


results justified this method of treatment, although, under the crude and inef- 
ficient conditions obtaining, the complete immersion method was not given a 
complete trial. For local lesions, as of the genitals, the hip bath proved the 
' efficacy of this method. 
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We, therefore, believe that the method of treatment outlined below is of 


great practical value. It is founded upon the pathology of the lesions pro- 
duced by mustard gas, and is based upon scientific principles. It is not em- 


pirical or symptomatic. In practice it has produced good results. 


Fig. 11.—-Rear view of same patient shown in Fig. 10. 


THE TREATMENT OF DICHLORETHYLSULPHIDE INJURIES 


A. Mito Injurtes.—Wash immediately, or better, immerse parts one-half 
to two hours in Dakin’s solution (strength of about 0.5 per cent hypochlorous 
acid). If too irritating, and when the skin is unbroken this is not likely to be 
the case, dilute the solution or shorten time of immersion. If injured surfaces 
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are very large use full bath; for lesions of the genital region use sitz bath. 
When immersion of parts is not expedient use wet Dakin’s dressings or irrigate 
{ with Dakin’s solution. If the wet treatment (which we consider by far tie 
best) can not be carried out, the application of dichloramine-T in chlorcosane 
or chloramine-T in sodium stearate may be used. ‘These procedures will serve 


Fig. 12.—VDhotograph taken one week after 40 minutes’ exposure to strong concentration of 
mustard gas vapor. Treated with grease method during this time with increasing infection and gangrene 
of epidermis. Change of treatment to the wet Dakin’s and saline method effected prompt healing. 

a double purpose of chlorinating and rendering inactive any dichlorethylsul- 
phide remaining in the skin, hair follicles, ete., and also disinfecting the daim- 


aged skin surface. This primary disinfection of the skin is of very great im- 
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portance in the prevention of the secondary infections that are so often of a 
serious character. After the Dakin’s solution, use wet dressings, irrigation or 
bath of sterile hypertonic saline (5 to 10 per cent), alternating with the above 
Dakin’s solution and a sterile physiologic saline, according to judgment, about 
as follows: Dakin’s 1 to 2 hours, hypertonic saline 2 hours, physiologic saline 
1 hour, and then repeat until lesions appear and extent of injury can be de- 
iermined. As long as the lesion remains an erythema continue this treatment 
during the daytime. At night, dry the skin under aseptic precautions, and ap- 
ply a vanishing surgical cream containing hypochlorous acid or liberating chto- 
rine, of the type of the chlorazene (chloramine-T, 1 per cent, in sodium stear- 
ate) surgical cream, or instead, use wet hypertonic saline dressings. Dusting 
powders are inadvisable because of crusting and possibility of infection. Chlo- 
ramine-l’ and dichloramine-T in full strength powder form are too irritating. 
We have had no experience with Vincent’s powder but on general principles 


Fig. 13 Photograph one week after one-half hour exposure to strong concentration of mustard 
gas. During this time treated by the grease method. Photograph shows very well the protection 
afforded by the tight belt. The more marked lesions in the axillae, bends of the elbows, and genitals 
and the large flaky character of the primary desquamation and the pigmentation are well shown. 


would not favor its use. We also advise against the use of silver nitrate, iodine, 
potassium permanganate, or other local applications. Saturated magnesium 
sulphate solution proved irritating and no benefits were observed from its use. 
In the case of vesicle formation, empty vesicles early under aseptic precau- 
tions, by means of a hypodermic syringe or sterile needle with slight pressure 
upon the vesicle, and allow intact vesicle wall to collapse and seal down upon 
its base. After this procedure continue with alternating Dakin’s and _ stertle 
salines, as above. If vesicles are not drained early, the fluid content may, 
within 4 to 5 hours, coagulate to such an extent that a large coagulum is formed 
that can not be removed, and forms a possible medium for bacterial growth. 
It is very important that skin damaged by mustard gas be protected from 
trauma. Slight injuries, even ordinary pressures of the body, will cause the 
development of secondary vesicles or decubitus in the injured areas. 


A 
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The use of unguents and ointments with oily bases, such as zinc stearate, 
olive oil, oleum petrolatum, or any form of crude vaseline or other protecting 
oil, or such air-excluding and infection-including protectives as oiled paper, 
paraffin sprays and coatings, such as are employed in the treatment of thermal 
burns, is strongly condemned by us in the treatment of dichlorethylsulphide 


Fig. 14.—Dack of same patient as the preceding figure. 


injuries. The principle of excluding the air for the purpose of lessening pain 
in the treatment of thermal burns is not applicable here because of the relative 
anesthesia of the dichlorethylsulphide lesions in their earlier stages. Exceptions 
to the above rule are the sodium stearate impregnated with chloramine-T and 
the chlorcosane solution of dichloramine-T, as in these cases there is an active 
and persistent germicidal agent present. In the case of denuded surfaces with 


| 
ees 
| 
ual | 
‘ 
: 
| 


S44 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


much pain and when bedsores have developed, the colloidal saline bath is 
strongly advocated by us. This bath is made as follows: Dissolve one pound 
of commercial cornstarch and one pound of sodium bicarbonate in 20 to 30 
gallons of sterile physiologic salt solution, at a temperature of 90° to 95°. 
The patient can be left immersed in this, when necessary, from 15 minutes to 
48 hours. The patient should be constantly watched by the nurse. Should 
pulse become weak, give strychnin or digipuratum or any other active digitalis 
preparation, or remove from bath, and apply blankets and _ heat. 

Mild Conjunctivitis—Avoid pressure from heavy compresses or tight 
bandages. Cold compresses of saturated boric acid constantly applied with- 
out pressure for 12 to 24 hours or longer, or hot vapor eye baths relieve the 
pain and discomfort, particularly the feeling of “sand in the eyes,” and reduce 
the congestion. Personal experience leads us to recommend highly the use cf 
a 0.5 per cent solution of dichloramine-T in chlorcosane both as a prophylactic 
and therapeutic measure for the ocular conditions. 

Mild Respiratory Lesions.—For the mouth and throat conditions a weak 


Fig. 15.—-Photograph one week after three-quarters hour exposure to strong concentration of 
mustard gas Treated twelve davs with grease method with resulting severe gangrene of the epidermis 
mnd large decubitus from which he died three weeks later. 


Dakin’s or a .25 to .50 per cent chlorazene solution. For the aphonia use ice 
bag externally, and steam inhalations, with or without compound tincture of 
benzoin. 

B. Severe InNyuRtES.—When necrosis of the skin, more or less extensive 
develops, follow the same line of treatment given above: full bath, irrigation, 
slush or sponge bath, or wet packs of Dakin’s solution, alternating with physio- 
logic and hypertonic salines, or the colloidal bicarbonate bath should be con- 
stantly employed. \When the severe lesions are upon the shoulders, buttocks, 
etc., the greatest care must be taken to avoid bedsores, as they will develop very 
quickly. For this purpose the constant colloidal or saline bath, with patient 
hung in canvas body cradle to take off pressure should be used. The cradle also 
gives increased facility in handling. It is of the greatest importance to protect 
the damaged areas from secondary trauma. 

Where decubitus or sloughs occur the necrotic layer should be removed, 
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either with sterile forceps or by means of frequent hot irrigations under pres- 
sure. For this purpose saline, Dakin’s, 1:10,000 potassium permanganate solu- 
tion, etc., should be used. If the necrotic areas have become infected through 
neglect or improper treatment, the use of Dakin’s or a similar solution should 
be pushed, alternating with hypertonic saline baths. A hyperchlorous solution 
made according to Carrel’s method can be applied here with good results: 


Fig. 16.—Photograph one week after three-quarters hour exposure to strong concentration of 
mustard gas. Treated by the grease method with resultant diffuse infection and gangrene of the skin 
of the back. Change to the wet Dakin’s and saline methods removed the odor of gangrene at once, 
checked the infection and promoted prompt repair. 


To one liter of water add 12.5 grams of bleaching powder, shake vigor- 
ously, then add 12.5 grams of boric acid powder, and shake again. Allow the 
mixture to stand for some hours, preferably overnight, then filter off, when the 
clear solution is ready for use. This solution contains about .54 per cent of 
hypochlorous acid, 1.28 per cent calcium biborate and .17 per cent calcium 


| | 
| 


S46 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Fig. 17.—-Microscopic appearance of mustard gas decubitus four weeks after exposure. 


Fig. 18.—Photomicrograph of regenerating epidermis under the wet Dakin’s and saline method 


of treatment four weeks after the injury. Note the regeneration of the epithelium from the remains 


of the hair follicles and sweat glands. 
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chloride. This is about the most practical concentration of hypochlorous acid, 
as stronger solutions rapidly lose strength. 

When the patients are very weak, temperature rising, and infection pro- 
gressing it may be advisable to employ tepid sponge baths of above solutions. 

ComPLications.— Shock may develop immediately after the exposure but 
is usually not as severe as in thermal burns. ‘Treat as in surgical shock. 

Kidney.—-From the time of exposure fluids should be forced to dilute the 
urine and lessen renal damage. When there is severe shock and excessive vom- 
iting use Murphy drip. Use a low protein salt-free diet. When a hypertonic 
bath or irrigation is used great care must be taken to keep up the intake of 


Fig. 19.-Completely healed mustard gas lesion four weeks after injury, treated twelve days 
with grease method with increasing infection and gangrene. Under the wet Dakin’s and saline method, 
infection was checked promptly and healing begun. 


water and prevent concentration of urine. Sodium bicarbonate may be given 
internally. The strengthening of the cardiac function increases the urinary 
output. The use of digipuratum is apparently of value here, according to our 
experience with human cases. 

Heart.—The heart rate is usually 120-140, and there is some ventricular 
dilatation, probably with little or no myocardial degeneration (as shown by 
autopsy). The use of active digitalis compounds is here indicated. Digipuratum 
in doses of 1.5 grams 3 to 4 times daily seemed of benefit in our cases. 

Lungs.—For the primary bronchial and pulmonary lesions there is no spe- 
cific treatment. For the secondary pneumonias (infective) proceed accord- 
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ing to the type of infecting organism, which is likely to be the streptococcus. 

Gastrointestinal. —-Use liquid low protein diet. Sodium bicarbonate as in- 
dicated. 

Furunculosis.— In the majority of severe dichlorethylsulphide injuries there 
develops about the second or third week a more or less widespread, often gener- 
alized furunculosis, usually beginning deep in the necrotic hair-follicles, and 
due to a staphylococcus pyogenes aureus infection. ‘The furuncles range in 
size from miliary pustules to large painful boils. ‘The large ones should be 
opened and drained, and a stock staphylococcus vaccine, or, if possible, an autog- 


enous vaccine, should be given in large doses, 1 billion every third day for 


four injections. 

Severe Eye Injuries ——Experimental evidence seems to indicate that the 
use of 5 per cent solution of dichloramine-l’ in chlorcosane lessens the injuries 
to cornea and conjunctiva, and prevents secondary infection. The use of atro- 
pine is indicated in case of involvement of the iris. The development of a 
chronic conjunctivitis should be prevented by the wearing of tight-fitting (but 
without pressure upon eyelids), antidimming goggles. ‘The increase in refrac- 
tive error or reduction of vision shown in many of the chronic irritated eyes 
did not respond to any treatment employed. ‘The patient should be referred to 
a competent ophthalmologist for appropriate examinations and treatment for 
these conditions. 

In the treatment of the eye lesions the use of argyrol, silver and other sil- 
ver preparations, as well as cocaine, is considered unwise. (See article on Oc 
ular Lesions, this JOURNAL, p. 785.) 

General Toxic Action——No evidences of a toxic action upon the internal 
organs have been seen in any of the lesions of mustard gas produced by direct 
application or by exposure to its vapor. Clinical studies, as far as carried out, 
show increased blood urea, decreased urea- and chloride-output, decreased 
quantitative urinary output, and increased specific gravity, with increased acid- 
ity. The toxic symptoms observed could be explained as the result of the skin 
destruction, damage to the respiratory tract, secondary infection, decubitus, with 
resulting absorption, ete. In the earlier stages symptoms of severe shock may 


be present. Treatment of these conditions should be carried out according to 


general principles. 
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STUDIES ON CHOLESTEROL* 


V. ‘Tue Bioop CHOLESTEROL IN MALIGNANT DISEASE AND THE EFFECT 
oF RADIUM ON THE BrLoop 


By Grorcine Lupen, M.D., Minn. 


[' is universally conceded that the life of every cell in the body depends on 
its blood supply. It has repeatedly been demonstrated that malignant cells 
are aberrant though lineal descendants of normal cells! 42° ® © and it would 
seem a foregone conclusion that cells, like individuals, must be influenced by the 
conditions under which they exist. Yet, strange as it may seem, little at- 
tention has been paid to the fact that the chemical composition of the blood 
must affect the cells as vitally as does their blood supply. 

Compared with the immense amount of work that has been done on 
cancer from the cellular point of view, the attention given to the chemical com- 


20, 58, 59, 61, 65 


position of the blood in cancer has been woefully small.*'  Blood.'* * 
Serum,!* Nevertheless the observations of Benedict and Lewis* on 
the increase of the blood sugar content in carcinoma, Menten’s” report on the 
increased alkalinity of the blood and Bloor’s** work on the blood lipoids must 
he looked upon as landmarks in the study of malignant disease. I am convinced 
that physiologic chemistry will not only explain the causation, but, eventually, 
tind the cure for cancer. 

In no field of cancer research has the chemical composition of the blood re- 
ceived less attention than in radium therapy. The effect of radium seems to have 
been studied entirely from the cellular point of view.** In Colwell and 
Kuss’ recent monograph, for instance, data are given on the cytology of the blood 
following radium treatment, but the chemical composition of the blood is 
not even mentioned, although a whole chapter is devoted to the chemical ac- 
tion of radium on various substances. 

Robertson and Burnett’s®’ publication on the rapid growth of tumor 
transplants in rats following intravenous injections of cholesterol, first called 
my attention to the cholesterol content of the blood and its possible relation 
to malignant disease.** The idea that cholesterol might in some way promote 
cell-proliferation seemed to be supported by the increase of the blood cholesterol 
in pregnancy and its return to normal after delivery, * * 7°" as well as 
by Browder’s report on the increased rate of division in paramecium when 
cholesterol is added to the culture medium. 

Between November, 1915, and December, 1917, I tested 1,069 samples for 
cholesterol. ‘This number included 1,052 determinations of blood cholesterol 
(human, goat, gopher, and dog’s blood), 14 determinations on foodstuffs and 


*From the Mayo Foundation, Rochester, Minn 
*Presented before the Joint Session of the Federation of American Societies of Experimental Biol- 
ogy, Rochester, Minnesota, December, 1917. 
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3 on human pus. Of 743 blood samples parallel determinations in triplicate 
were made with Bloor’s original method (Bloor I with sodium ethylate) and 
with its modification (Bloor II without sodium ethylate),°" making a_ total 
of 4,658 determinations with Bloor’s methods. The advantage of these paral- 
lel determinations, by which the amount of cholesterol split products present 
in the blood is revealed, was shown by 2,196 tests made on pathologic human 
blood, including 70 miscellaneous conditions, 41 cases of pernicious anemia, 
37 of exophthalmic goiter, 3 of myxedema tested 18 times at various intervals 
during the administration of the thyroid hormone (Kendall's thyroxin), 79 
determinations on my own blood as normal controls and during experimental 


Human 9 Totals 
ophers 
GOGLS 26 16 
Bloov I (Hellige) i 
56 
Gaats 


Pas 
Jan-May 210 


1916 
Human _ Bloor Land II (Hellige) | 
Human. 
Blode Tand/ Ti (Dubéseg). | | 


Fig. 1.—Cholesterol determinations made by the writer from November, 1915, to December, 1917. 
Methods used: Autenrieth-Funk, Bloor I, II. Bloor I, II indicates parallel determinations with both 


methods. Colorimeters: Hellige, Hellige-Duboseq, Duboscq-Kober. Hyphenated designation of two 
colorimeters indicates parallel determinations with both instruments. Samples used in determinations 
are given in margin; human blood, goat’s blood, human pus, ete. Fourth entry from the bottom has 


been drawn in double width on account of the number of determinations made; goat's blood 237. 
diets,*' 9 cases of sarcoma (16 determinations) and 92 determinations on the 
blood cholesterol in carcinoma before and after radium treatment including 20 


weekly determinations on one patient (Figs. 1 and 2). The technic used in 
1 


my determinations has been published previously.** 4 

Two points should be mentioned in connection with the technic: First, 
the two types found in human blood (Figs. 3 and 4), to which I called at- 
tention in my second study on cholesterol,*? and which have since also been 
observed by Bloor,* and second, the value of parallel determinations with the 


Bloor I and Bloor II methods.*® 


| 
5 
| 


STUDIES ON CHOLESTEROL 851 

eldvantage of Parallel Determinations with Bloor I and II Methods.— 
Lifschutz**** has shown that certain bile salts and bile acids are cholesterol 
split-products. These bile derivatives are eliminated in the Bloor I method 
by the use of sodium ethylate. In the Bloor II method no sodium ethylate is 
used and the tests contain both cholesterol and bile derivatives. The difference 
between the Bloor I and Bloor II tests, therefore, represents the amount of 
bile derivatives*’ present in the blood sample. An absence of difference be- 
tween the two tests, or equal values by the Bloor I and Bloor II methods, 
indicates some inability on the part of the organism to oxidize its blood 
cholesterol to bile derivatives, in other words, some disturbance of cholesterol 
metabolism. In normal blood, there is always a difference between the Bloor 
I and Bloor II values, but in carcinoma this difference is absent in a high per- 


Human Blood, Cholesterol 


Determinations 366 


Individual Cases 231 


(70) 


Pern. Anemia 
(41) 


Ex. Goutre 


(37) 
A 
Muxedema 
(3) 
wparcoma 
{9} 
. 72 
arclLnoma (92) 
7a 
Self (79) 
diet experiments control te one patient _ 
Autopsy 
Fig. 2.—Human blood, cholesterol determinations under various conditions. Wide bar denotes 
Narrow bar and number in brackets denotes 


number of determinations made on individual cases. 
additional determinations on the same person. Necropsy: blood taken at necropsy at different number 
of hours after death, to study effect of postmortem changes. Cholesterol values were unchanged. 


centage of cases (53-50 per cent in our determinations) and we find equal 
values with both tests. In a series of 252 determinations in nonmalignant cases 
I have not observed equal values ; however, this does not signify that equal values 
are to be looked upon as unmistakable diagnostic evidence. The test for 
cholesterol in the blood is a clinical test capable of giving valuable information 
but it is not, unfortunately, as so often has been thought, a diagnostic test. 
It is not expected that the test for albumen in the urine, or the hemoglobin 
test should furnish a conclusive differential diagnosis, nor should any such 
evidence be expected from the blood cholesterol test. The unwarranted as- 
sumption that blood cholesterol determinations should settle diagnoses has 
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Fig. 3.—Types of reaction in cholesterol determinations on human blood. Rapid blood ripens 
more quickly than cholesterol standard test. _ 
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blood ripens more slowly than cholesterol standard test. 
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done much to discredit the value of such determinations in the eyes of clinicians, 
and valuable information concerning metabolic problems must have been lost 
in consequence. 

Cholesterol Values Found in Human Blood.—In my _ previous  publica- 
tions®*” # 4! the values reported have been based on the amount of cholesterol 
in milligrams found in each determination or test, that is, in 6 c.c. of the 
chloroform extract representing 0.3 ¢.c. of whole blood. The foregoing values 
might, therefore, be designated as “test values.” Since a uniform terminology 
based on mg. per 100 c.c. has been adopted for determinations of other blood 
constituents, blood urea and blood sugar, as well as for blood cholesterol, and 
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Fig. 5.—Blood cholesterol values given in numbers of cases. 


1. Total number of cases. 
Total number of cases with high values. 
3. Total number of cases with increased values. 
4+. Total number of cases with normal values. 
Equal values 

A. Relation of high, increased and normal values in all the determinations on carcinoma (various 
methods). 

I. Relation of high, increased and normal values in determinations on carcinoma with Bloor I and 
Bloor Il methods. Note preponderance of high equal values in B. 2. 

C. Miscellaneous, nonmalignant cases, no equal values (Bloor I, II). 

D. Relation of high, increased, and normal values in all the determinations on carcinoma before 
radium treatment (various methods). 

». Relation of high, increased, and normal values in carcinoma cases tested (Bloor I and IL) before 
radium hg reese Note relative increase of both high and equal values. 

Relation of high, increased, and normal values in carcinoma after radium treatment (tested with 

Bloor I, 11). Observe the disappearance of the equal values and the great relative decrease of high values, 
which makes this diagram similar to diagram C. 


as it is highly desirable that a standardized procedure for blood cholesterol de- 
terminations should be adopted by all workers in this field of blood chemistry, 
the values found in our determinations will in future be expressed in milli- 
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grams per 100 c.c. only. The test values referred to may be converted into 
milligrams per 100 ¢.c. of whole blood by simply dividing by 3, the values given 
in my previous publications. The Bloor I method wiil remain the basis of com- 
parison as has been the case in previous publications. The Bloor II values 
show much greater fluctuations even in the blood of the same individual taken 
at different times, and the factors that cause these fluctuations are not all 
fully explained, since the fluctuations themselves depend on the rate of choles- 


terol metabolism. 


Fig Relation of high, increased and normal blood cholesterol values. (Given in percentage of 
Cases 
otal of determinations in percentage of cases. 
High values in percentage of cases. 
3. Increased values in percentage of cases. 
4. Normal values in percentage of cases. Equal values in percentage of cases. 
A. Relation of values in all the carcinoma cases (various methods of extraction). 
. 


Percentage of equal values. Observe preponderance of 2 (high values) (Bloor I, II). 


C. Miscellaneous, nonmalignant cases; no equal values (Bloor I, . 
D. Relation of values in carcinoma before radium treatment (Bloor I, il). 
E. Percentage of equal values in carcinoma before radium treatment (Bloor I, 11). Observe pre- 
ponderance of high, equal values. 

*. Relation of values in carcinoma after radium treatment. 
and the striking reduction of high values which cause this diagram te resemble diagram C. 


Observe disappearance of equal values 


BLOOD CHOLESTEROL VALUES WITH THE BLOOR I METHOD: MILLIGRAM OF 
CHOLESTEROL PER 100 ¢.c. OF WHOLE BLOOD 


1. Normal values 70-100 mg. found in healthy persons on mixed diet, di- 
gestion being duly excluded, in exophthalmic goiter and in some cases of sar- 
coma. 

2. Increased values 100-140 mg. found during the process of digestion and 
in various more or less pathologic conditions. 

3. High values 140-200 mg. found associated with pathologic conditions only. 

4. Unusual values over 200 mg. found in cases of myxedema, and in some 


cases of carcinoma. 
This classification of values is based on over 2,000 determinations; it 
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was adopted for practical purposes only, and represents the values I have 
observed, but should not be looked on as a diagnostic classification, since the 
cholesterol test does not furnish conclusive diagnostic evidence. That higher 
values have been reported as normal must be accounted for by the methods 
and the technic by which those values were obtained, such, for example, as 
leaving the tests in the dark for fifteen minutes at a relatively high tempera- 
ture** # and by the two types of reaction found in human blood. It is obvious 
that if a sample of “slow” blood is tested against a “fading” standard, the 
values obtained must be relatively higher. 

Blood Cholesterol Values in Patients Suffering from Carcinoma.—High 
values are generally found in cases of carcinoma: they were found in 43 
per cent of all our cancer patients and in 56 per cent of those who were to 
have radium treatment. I am at a loss to understand how Denis'* came 
to the conclusion that I had reported low values in connection with can- 
cer cachexia, as this condition is not even mentioned in the article to which 
they refer. Several of our patients, moreover, with high values showed dis- 
tinct symptoms of cachexia. But as the technic used in cholesterol deter- 
minations controls the values to a considerable extent, a uniform technic 
alone can assure comparable values. 

For the sake of comparison with patients suffering from carcinoma, a 
group of 70 patients suffering with various nonmalignant conditions, such as 
tonsillitis, gastric disturbances, biliary disturbances, skin diseases, malaria, etc., 
was tabulated similarly to the 72 cancer cases. No equal values were found in 


TARLe I 


In Carcinoma (CASES DIAGNOSED CLINICALLY AND MICROSCOPICALLY 
AND CLINICALLY ONLY) 


CHOLESTEROL 


WITH BLOOR | AND EQUAL VALUES 


CASES 72 CASES TESTED 
65 cases 22 (34%) 
High values 31 (43%) High values 24 (37%) 24 cases 13 (54%) 
Increased 26 (36%) Increased 26 (40% ) 4 (15%) 
Normal “ 15 (20%) Normal “ 15 (23%) i a 1 (6.6%) 
TABLE II 


CarcinoMA Casts Berore RapiuM TREATMENT 


CASES 55 CASES TESTED WITH BLOOR | AND ti—48 EQUAL VALUES 
48 cases 16 (33%) 
High values 31 (56%) High values 24 (50%) 24 cases 13 (54%) 
Increased “ 14 (25%) Increased “ 14 (29%) 14 “ 4 (28%) 
Normal “ 10 (18%) Normal “ 10 (20%) io 0 l* 1 (10%) 


TABLE II] 


MiscELLANEouS CASEs, PATHOLOGIC BUT NONMALIGNANT 


CASES 70 CASES TESTED WITH BLOOR I AND I1—70 EQUAL VALUES 
0 

High values 7 (10%) High values 7 (10%) 0 

Increased “ 29 (41%) Increased “ 29 (41%) 0 


Normal “ 34 (49%) Normal “ 34 (49%) 0 
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this group and high values occurred in only 10 per cent, increased and normal 
values being found in 41 and 48 per cent respectively. 

Reduction of the Bloor I Values and Increase of the Bloor II Values Un- 
der Radium Treatment.—The influence of radium treatment on the blood cho- 
lesterol values is clearly shown by a group of 17 patients whose blood was 
tested before and after radium treatment. In this group there is a marked 
change in the relation of high, increased and normal values. Whereas high 
values preponderate in cases of carcinoma before radium treatment, the per- 
centage of high values is lowest of all in this group and the equal values have 


completely disappeared. (Figs. 5 and 6.) 


TasLe IV 


CarcinoMaA Cases Arrer Rapium TREATMENT 


CASES 17 KQUAL.VALUES 
0 
High values 2 (11%) 0 
Increased “ 8 (47%) 0 
Normal 7 (41%) 0 


All of these cases were tested with the Bloor I and Bloor II methods. 

That the drop of the Bloor I values is accompanied by an increase of 
the Bloor II values resulting in an increased difference between the values ~ 
found by Bloor’s two methods, is graphically illustrated by Figs. 7 and 8. Since, 
as has been previously pointed out, this difference is due to bile derivatives, 
which must be looked on as oxidized or changed cholesterol,*’ it is obvious 
that radium treatment in some way accelerates the rate of cholesterol metabo- 
lism. Although the process by which these metabolic changes are brought 
about are by no means fully explained, the fact remains that the chemical com- 
position of the blood is changed by radium treatment and it seems probable 
that the beneficial effect of radium in cases of malignancy may be largely due 
to this fact. In sarcoma the blood cholesterol values appear to be lower on the 
whole than. in carcinoma, but equal values were found in 2 of our 9 cases 
(22 per cent) and the effect of radium on the blood cholesterol is identical ; 
namely, a reduction of the Bloor I values and an increased difference be- 
tween the Bloor I and Bloor II tests (ligs. 7 and 8). 

That the high blood cholesterol values observed in cases of carcinoma be- 
fore radium treatment can not be due merely to cell destruction, as is com- 
monly believed, may be deduced from the following facts: 

1. The cytolytic action of radium is generally conceded,’ yet 
radium treatment reduces the blood cholesterol (Bloor I), as has been shown, 
instead of increasing it. 

2. In pregnancy cell production far outweighs cell destruction, but the 
blood cholesterol of the mother returns to normal shortly after delivery," * * 
© ©T although the postpartum involution of the uterus is accompanied by a 
considerable amount of cell destruction and reabsorption. 


3. In an egg during the process of hatching, cell destruction can not be 
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said to play a prominent part, but the high cholesterol content of the yolk 
is used by the chick embryo for the multiplication of its cells.” 

4. In myxedema, the disease par excellence of torpid metabolism, cell de- 
struction must be very small, yet the blood cholesterol values in myxedema are 
unusually high. 

5. In exophthalmic goiter (I have tested 35 cases) the blood cholesteroi 
values are well within normal range, even when basal metabolism is well nigh 
100 per cent above normal (Fig. 9). 

6. Cell destruction might be expected to accompany increased, rather than 
sluggish, metabolism yet the administration of the thyroid hormone (thyroxin), 
which raises the basal metabolism from subnormal to normal and above normal, 
simultaneously reduces the unusually high cholesterol values in myxedema to 
their normal level* (Figs. 10 and 11). The metabolic rate, therefore, and not 
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Fig. 7.—Curve showing drop of Bloor I values and increase of Bioor II values in carcinoma after 

adium treatment. (6 cases.) 
Bloor I test. 
. Bloor II test. 

R- radium treatment. 

T-6 mg. of thyroxin. 

In Case 1 the difference between Bloor I and IT is not greatly increased even after radium treat- 
ment. The patient has since died. Case 2, marked difference even before radium treatment. Complete 
cure, Cases 3, 4, 5, and 6 doing well; in Case 4 the presence of carcinoma suggested by the equal values 
was confirmed by excision and microscopic findings (Lupus erythematosus going over into carcinoma). In 
Case 6, 6 mg. of thyroxin was given at patient's request. Patient left for South Africa. 


mere cell destruction would seem responsible for the high blood cholesterol values 
that are commonly found in carcinoma. 

Aside from the effect of radium on metabolic processes and thereby in- 
directly on the chemical composition of the blood, the following considerations 
may help to account for the reduction of the blood cholesterol (Bloor I) fol- 
lowing radium treatment. Schulze and Winterstein®? have shown that choles- 


*In the writer's own blood the Bloor IT cholesterol values were also found to drop whenever experi 
mental doses of thyroxin were taken. Further experiments are in progress. 
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Hegh values (Bioerz) 


(4 cases.) Note that the values 
Bloor I with parallel increase of 
lium treatment in Case 4 Radium 


=f: 


f the rate of basal metabolism and blood cholesterol (Bloor I values) in exoph- 
thalmic goiter. (35 cases.) Observe that high basal metabolism and relatively low (normal) blood choles- 
terol values coincide as a whole. Only three cases exceed the “high” cholestero! line (140 mg.); the 
first case (from the left) was a highly excitable patient, and could not be induced to remain quiet during 
the calorimetric test, her metabolic rate contains an element due muscular activity; in the two other cases 
the high cholesterol values are accompanied by a normal and slightly subnormal metabolic rate. 


Fig. 9.—Relation 
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, are lower on the whole than in carcinoma and note the reduction of tl | 
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terol is oxidized and disintegrated by the action of light. It is known that 
radium is photoactive. It is possible, therefore, that the photochemical ac- 
tivity of radium may cause the changes observed in the cholesterol content of 
the blood after radium treatment. The increase of the cholesterol split prod- 
ucts in the blood, namely, the increased difference between Bloor I and_ II, 
supports this interpretation. 

If we compare the disintegration of cholesterol in the body to the com- 
bustion of fuel by fire, changed or oxidized cholesterol may be compared to 
fuel that has been consumed and thus rendered harmless, whereas pure, un- 
changed cholesterol may be compared to fuel that has not vet been consumed. 


9440 
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Basel Metarelism 
20 
Fig. 10.—Effect of the administration of the thyroid hormone (Kendali’s Thyroxin) in myxedema 
(1 case). 


Bloor T test. 
‘ Bloor II test. 

T - Thyroxin 15 mg. at one dose. 

Observe the decrease of the Bloor I values which runs parallel to the increase of the rate of basal 
metabolism, and is similar to the effect of radium on the Bloor I values. That the increase of the Bloor 
II values is less marked than after radium treatment is probably due to the very rapid rate of elimination 
during the temporary condition of hyperthyroidism caused by the administration of the thyroid hormone 


in myxedema. Patient greatly improved. 


An accumulation of unconsumed fuel contains in itself the latent possibility 
of starting a conflagration. It is possible that, although we know pure choles- 
terol promotes cell division, changed cholesterol may fail to do so. A high 
percentage of unchanged cholesterol, such as is found in carcinoma, would 
therefore represent an opportunity for undue cell proliferation that is an element 


of danger. This danger appefrs to be reduced or eliminated by the action of 
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‘adium since it is found that the amount of changed (possibly harmless) choles- 


terol increases in the blood as the condition of the patient is improved by 


radium therapy.* 

The reduction of the blood cholesterol values by 
can not be looked upon as the re- 
hormone is not photoactive. 


the administration of 


the thyroxin in myxedema, however, 
activity. The thyroid 
values are lowered by the use of 

We know that the thyroid hor- a 


sult of photochemical 
Nevertheless the blood cholesterol 
thyroxin as well as by radium treatment. 
mone is capable of increasing the rate of basal metabolism, and Figs. 10 and 


that increased metabolism is accompanied by a reduction of the 


ll show 
cholesterol content (Bloor 1) of the blood, similar to that produced by radium 
total: 29. 
00 
Ba 
+ J. 
| 
4 
Fig. 11 (The same as Fig. 9.) T-thyroxin 5 mg. at each dose. Patient went home perfectly well. j 
| 


treatment. ‘This fact, whatever the chemical or physiologic process to which 
it is due may prove to be, shows that the effect of thyroxin on the chemical 


composition of the blood is similar to that of radium. It also suggests that, 


since the beneficial effects of radium therapy are well known, the condition of 
patients suffering from carcinoma may be improved by the administration of 


thyroid hormone. The relation of thyroid activity to the development of car- 


*Shortly after this paper was read, T. Brailsford Robertson published his observations on cholestero! 
derivatives, which appear to confirm the ae interpretation. (Journal of Cancer Research, 1918, iii, 74-90.) 
Robertson found that by substituting the OH group of the hydroxybenzol radical in the cholesterol mole 
cule he obtained substances which did not accelerate the growth of tumor-grafts, whereas he had demon- 
strated previously that the unchanged cholesterol molecule was capable of so doing. His conclusion should 
be read in the original article as it is impossible to do justice to the importance of his observations in this 


brief reference to them. 
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cinoma has often been discussed,’* but so far as I am aware, the influence 
of thyroid activity on the cholesterol content of the blood has not been taken 
into consideration in relation to cancer. The following facts are noteworthy, 
however: Fourteen cases of spontaneous recovery from cancer in man have 
been reported by Gaylord and Clowes'® and two similar cases have occurred 
to my knowledge* (a microscopic diagnosis was made in every instance). 
The patients in question had been pronounced “hopeless cases’’ and received 
no further treatment. Nevertheless their condition improved to such an ex- 
tent that they could be looked upon as “cured” from a clinical as well as from 
a practical point of view. The deduction seems admissible that these patients 
were able in some way to recover their metabolic balance, notwithstanding 
the fact that there appeared to be no hope for them. We know that in the 
majority of instances carcinoma occurs when the first vigor of youth is past, 
and when metabolism in general tends to become sluggish; when the body, in 
fact, might be compared to a badly burning fire. The decrease of metabolic 
activity, caused or accompanied by a decreased functional activity of certain 
glands, is likely to result in the retarded combustion of the substances that 
are taken in with the food. It has been shown that the cholesterol content 
of the blood can be increased and reduced at will by the composition of the 
diet.' The administration of a hormone which is known to increase the 
metabolic rate might therefore provide the stimulus which the body itself is 
incapable of supplying and by increasing metabolism assist the body in re- 
covering its balance of health. If in sixteen cases the human body has proved 
itself equal to this task without assistance it might be able to do so in others 
with the right kind of assistance. The deduction seems logical; time alone 


can show if it is correct.. 
SUMMARY 


Cholesterol promotes cell multiplication ; high blood cholesterol values must, 
therefore, further malignant growth. High blood cholesterol values are com- 
monly found in carcinoma. Radium treatment and the administration of the 
thyroid hormone both reduce the cholesterol content (Bloor 1) of the blood, 
and increase the amount of changed cholesterol in the blood (namely, the dif- 
ference between the Bloor I and II values). The high cholesterol values in 
myxedema are brought down to normal by the administration of the thyroid 
hormone at a rate parallel to the rise in basal metabolism induced by the latter. 


CONCLUSIONS 
1. The test for cholesterol in the blood is not a diagnostic but merely a 
clinical test giving valuable information concerning cholesterol metabolism. 
2. The high cholesterol values commonly found in carcinoma are not due 


*One was an inoperable case of pelvic carcinoma, in which the cancer was found to have disappeared 
several years later at an emergency laparotomy by Kummel (personal communication by H. R. Gaylord); 
the other a case of sarcoma of the stomach, the patient operated on at the Brooklyln Hospital, New York, 
in 1908. The patient was not expected td live beyond two years but is well and active today. His history 
will be reported when the details of the case have heen obtained. In both cases a microscopic diagnosis 
was made. H. R. Gaylord expressed the opinion that spontaneous recovery from carcinoma would not be 
found as uncommon as is generally belieWed, if surgeons were able to keep track of all their patients. 
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to cell destruction, since they are reduced by radium treatment, although ra- 
dium causes cell destruction; they must therefore be due to a disturbance of 
cholesterol metabolism. 

3. The disturbance of cholesterol metabolism may be but an evidence of 
a subnormal rate of basal metabolism, since the high cholesterol values in 
myxedema are reduced by the administration of the thyroid hormone (thy- 
roxin) by which the rate of basal metabolism is greatly increased. 

4. The disturbance of cholesterol metabolism in carcinoma is revealed by 
the absence of changed cholesterol or cholesterol split products in the blood 
of a high percentage of cancer patients, as is shown by the lack of a difference 
between the cholesterol values obtained by the Bloor I and Bloor IT methods, 
since the writer constantly found such a difference in normal blood and in 


pathologic but nonmalignant conditions. 

5. Radium treatment by reducing the unchanged cholesterol (Bloor I 
values) and increasing the changed cholesterol (difference between Bloor I 
and II values) affects the chemical composition of the blood; a fact that has not 
hitherto been taken into account, but which may play an important part in the 
beneficial effect of radium therapy. 

6. Thyroxin affects the blood cholesterol values in a manner similar to that 
of radium and may therefore also be expected to improve the condition of patients 
suffering from carcinoma. Careful investigation will, however, be needed be- 
fore definite conclusions can be drawn concerning the effect of thyroxin on 
carcinoma as various metabolic factors may have to be taken into account. 
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LABORATORY METHODS 


NOTE ON METHODS FOR PREPARING ISOAMYL ISOVALERATE; A 
SATISFACTORY SUBSTANCE TO PREVENT FOAMING 


sy C. H. Fiske 


HY unavailability of caprylic alcohol at the present time makes it desirable 

that simply prepared substitutes should be described. Isoamyl isovalerate 
is equally as efficacious as caprylic alcohol, and can be prepared by the follow- 
ing methods.—J. J. R. Macleod. 


FIRST METHOD 


To 35 ¢.c. commercial isovaleric acid add 4 gm. anhydrous calcium chloride. 
Shake the mixture until it has separated into two layers, and most of the cal- 
cium chloride has dissolved. The greater part of the water is in this way re- 
moved. Decant off the upper layer, and transfer 28 ¢.c. of this to an Erlen- 
meyer flask, of about 200 ¢.c. capacity, containing a few glass beads. Add 30 
e.c. isoamyl alcohol, and 1 c.c. concentrated sulphuric acid. Connect the flask 
with a reflux condenser, and boil for one hour over a wire-gauze. Cool, trans- 
fer to a separatory funnel, and draw off the lower layer. To the upper layer 
add water, and shake the mixture thoroughly with solid sodium carbonate, until 
a sample of the aqueous layer, drawn off through the stem, is found to be al- 
kaline to phenolphthalein. Separate again, and remove the excess sodium car- 
bonate by washing with water. After drawing off the final wash-water (which 
should not be alkaline to phenolphthalein), filter the residual liquid. The filtrate 
is then ready for use. It will, however, keep better if dried with calcium 


chloride and distilled. 


SECOND METHOD 


Dissolve 50 gm. potassium dichromate in 200 c.c. boiling water. Cool under 
the tap, with constant shaking. The greater part of the dichromate will separate 
out in small crystals. Add 50 c¢.c. isoamyl alcohol. While the mixture is kept 
constantly agitated under the tap, now add 70 ¢.c. concentrated sulphuric. acid, 
at such a rate that the temperature does not rise above 30°. Let stand at room 
temperature overnight. Separate the two layers, transferring the upper one to a 
500 c.c. distilling flask. Add 200 ¢.c. water, and distill through a water-cooled 
condenser, until all of the ester has come over. Neutralize the distillate with 


sodium carbonate, wash with water, ete., as in the first method. 
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EDITORIALS 


With the American Red Cross at the Front 


RM and leg wounds compose a large majority of the injuries received in 

battle, hence there is an enormous demand for splints—a framework upon 
which the injured member may rest in the most comfortable position. 

Contrary to the layman's preconceived opinion of a splint, it is not a piece 
of wood, but, for the use of the American Army, is of steel framework with 
leather and felt padding. And most of them are of ingenious invention, being 
far from simple affairs. The types are almost as numerous as the injuries for 
which they are made to aid in healing. 

The American Red Cross has taken over the job of supplying all splints to 
the American Expeditionary Forces, and in the vernacular of the streets, it is 
“some job.” The demand for these particular articles is increasing at a great 
rate due to the increasing activity of American troops on the battle front. 


To meet this demand the Red Cross has established a splint manufactur- 
ing plant of its own in a large French town not far from the battle front. 
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WITH THE AMERICAN RED CROSS AT THE FRONT 


The new adjustable abduc- 
tion arm splint for use in base 
hospitals in arm fractures for 
the perfection of which the 
American Red Cross splint de- 
partment has been largely re- 
sponsible. The advantages of 
this splint are that it can be 
used for either arm and can be 


adjusted to any position. 
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While the splint construction is not complicated, it must be exceedingly 
careful and delicate. The splints that fit on the upper portion of the leg or 
arm must be carefully padded with felt and sheepskin. This work is done by 
French women and by hand. 

Most of the leg and arm splints are made of steel rods bent in the shape 
of a U and are about four feet in length. They taper from the bottom up to 
the top where a semi-circular steel rod, attached to each end of the U by a 
hinge, is padded well and attached. Upon the padded part rest the thigh or 
shoulder of the injured member. ‘The wounded or broken leg or arm is ban- 
daged between the two sides of the U. The bottom of the U is dented in or- 
der that a bandage may be attached to the bottom of the splint and the injured 
member for the purpose of pulling or applying the necessary weight to force 
the broken bones or torn muscles into place. It also serves to attach the splint 
to the foot of a bed or the front of an ambulance so that the wounded leg or 
arm may be elevated to any position which will give the greatest comfort to the 
sufferer. 

There are numerous variations of this basic splint. Some have a hinge in 
the center of both sides of the U, so that an injured leg or arm may be bent 
at the knee or elbow and bound into position. Some have a hand rest at the 
end, by which the hand may be bandaged into an immovable position, so that 
injured muscles will not be moved by unconscious effort. Then there is the U 
splint with an unmovable padded steel circle at the top, which fits close to the 
leg or shoulder crotch. .\ splint of this type is also made with hinges so that 
the arm or leg, stretched straight and fast, may be moved at the thigh or shoulder. 
There are small wire splints for the foot, the hand and the wrist. 

All of them are made by hand in this factory, because of the lack of ma- 
chinery. Even the welding and varnishing of the steel and wire, as well as the 
nickeling, is done in the Ked Cross factory. 

This is only one of the many activities from which the American Red 
Cross has relieved the Army. During the past few months the Red Cross has 
been forced to let contracts to various private manufacturers to furnish a suf- 
ficient supply of these necessary hospital appliances. But with the growth of its 
organization, it has established its own manufactory in the war zone of France, 
in order that there may be fewer transportation delays and better service in 
the work of relieving as much suffering as possible among American wounded. 


